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1 INTRODUCTION 
 
Systematic collection of genetic material and establishment of gene banks (germplasm 
collections) is an important foundation for preservation of natural genetic resources. It is 
also important for the cultural heritage of humanity and agrarian development. The 
purpose of plant gene banks is to conserve the highest possible genetic diversity of 
cultivated crops and their close relatives. Plants’ gene bank material is kept in various 
types of collections, mainly as seeds (e.g. cereals, fodder crops) or clonal archives of 
vegetative propagated plants (e.g. fruit trees, some vegetables, ornamental plants). These 
collections may contain duplicate accessions due to failure to identify or lacking 
descriptions in a particular cultivar. The challenge of unnecessarily keeping duplicates is 
gradually being solved with the rise of genetic analysis. Other challenges are related to 
the costs and time efficiency of maintaining germplasm collections. Breeders are among 
the main users of gene bank collections, and they prefer small, more focused collections, 
which include the desired agronomic and morphologic traits (Schoen and Brown, 1993). 
The most common approach to collecting fruit tree germplasm is in form of orchards, 
which however demand a high amount of maintenance. This leads to a need for a 
comprehensive form of germplasm collection, which would make for a sustainable and 
viable form of preserving genetic variability and diversity. Frankel (1984) and Brown 
(1989) propose a minimal core collection, covering a majority of genetic diversity. A core 
collection can be based on phenotypic (Van Raamsdonk and Wijnker, 2000), molecular 
or genetic criteria (Cipriani et al., 2010; Richards et al., 2009).  
 
Finland, which is one of the northernmost countries where apples can be produced, offers 
favorable conditions for growing healthy and unpolluted apples. Although not a major 
crop in Finland, more than 70 apple cultivars (Kinnanen and Antonius, 2006) can be 
found in Finland and some of the best ones is also grown commercially. At the same time, 
long-term and diverse surveying missions to collect apple varieties have brought extended 
collections of Finnish apples, containing apple heirloom cultivars and seed-grown Finnish 
varieties, as well as unnamed and unknown apple accessions that are of historical 
importance or have specific desired traits (Kinnanen and Antonius, 2006).  
 
The Finnish program for the conservation of plant genetic resources also maintains a 
collection of Finnish apples. Careful planning and evaluation of surveyed apples are 
permanently undertaken, and decisions about inclusion of new accessions to the 
collections are made accordingly. To aid in the decision making on conservation efforts, 
the principle of core collections can be used. For this purpose, this thesis examines the 
practical use of the concept of core collections; taking into consideration the optimal 
approach to core collections, based on an analysis of the structure of genetic variability 
in the entire set of analyzed apples.  
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Goals of the project 
 
In this thesis, we aim to analyze the structure of genetic variability of Finnish apple 
cultivars using microsatellite markers and to create a core collection that will contain a 
maximum genetic richness and maximum variability with a minimum number of 
accessions. We also want to provide advice for development and maintenance of core 
collections, with regard to including new entries, studying the included material and 
practical use of the material in a core collection. 
 
Hypothesis  
 
Within the goals described above, we expect that: 
• Some pairs and groups of different samples (accessions) will have identical 
genetic profiles (duplicates); 
• Based on the diverse origin of Finnish apples, there will be a high degree of 
genetic variability and diversity; 
• The created core collection will contain maximum variability with a minimum 
number of accessions; 
• The set of accessions from the core collection will contain a level of genetic 
diversity that is not significantly different from a total set of unique accessions, 
while retaining a population structure of the total set of unique accessions. 
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2  A REVIEW OF PUBLICATIONS 
 
2.1  TAXONOMICAL CLASSIFICATION AND ORIGINS OF THE APPLE (Malus 
domestica Borkh.) 
 
The apple (Malus domestica Borkh.) is a tree of the Rosaceae family, which includes 
many other important fruit trees, such as the plum, cherry, peach and pear. It blossoms in 
spring, and the fruit is usually ripe in autumn. The shape and color of fruits differ among 
cultivars, from green to yellow or red. The tree reaches around 1.5 to 4.5 meters in height 
if cultivated, while it can grow up to 12 meters in the wild. Leaves are obtuse, with a 
serrate edge, and fall off in autumn (Elzebroek and Wind, 2008). The apple is a diploid 
and its genome consists of two sets of 17 chromosomes (2n=34) (Velasco et al., 2010). 
The apple is self-incompatible so it cannot self-pollinate, and descendants usually differ 
substantially from their parent plant. 
Table 1: Classification of the apple according to Mala flora Slovenije (2007) 
Preglednica 1: Klasifikacija jablane po Mali flori Slovenije (2007) 
Kingdom Plantae 
Order Rosales 
Family Rosaceae 
Genus Malus 
Species Malus domestica 
 
The apple is one of the oldest cultivated fruit species. It was domesticated around 4000 
BC in central Asia, present-day China, from its wild ancestor Malus sieversii (Cornille et 
al., 2012). It spread along the Silk Road to the Middle East, and was brought to Europe 
by ancient Greeks and Romans. While the first domesticated apple originated from the 
wild Malus sieversii L, the modern domesticated apple contains genetic material from 
other wild species. In new environments, the first domesticated apples cross-bred with 
different local wild species of apple, for example Malus baccata L. in Siberia, Malus 
sylvestris L. in Europe and Malus orientalis L. in the Middle East. (Cornille et al., 2012). 
It has been observed that this exchange goes both ways, as Malus domestica has 
influenced wild populations of the Malus family, since breeding produces fertile 
offspring. In some countries, the share of hybrids between domestic and wild species can 
reach up to 38 % of the wild populations (Cornille et al., 2014). 
 
At the outset of apple cultivation, cultivar selection was most likely based on open 
pollination and occasional selection of seeds from trees with the desired traits for further 
planting. Due to the absence of self-pollination, it is complicated to create a stable cultivar 
this way. An alternative way of appropriate reproduction is vegetatively, by grafting. This 
is performed by cutting a part of a tree with the desired properties, and attaching it to a 
rootstock, sometimes from a related wild plant or a dwarf apple cultivar  (Elzebroek and 
Wind, 2008). This enables the creation of genetic copies of the target specimen, and is 
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also called cloning. This way, descendant trees keep the desired traits of the parent tree. 
Archeological findings have revealed the first signs of grafting around 4000 BC, but the 
grafting of apples was first mentioned in Greece around 300 BC (Cornille et al., 2014). 
Grafting has also been used as a method of vegetative propagation and it enabled easier 
expansion of new cultivars and their development. The germplasm of the domesticated 
apple maintains extant levels of genetic diversity despite the processes of domestication, 
and later on, clonal propagation of only selected variants. This might be explained by the 
reproductive biology of the apple being an openly pollinated species and the use of seed 
propagation in the early stages of the development of the apple (Cornille et al., 2014). As 
a result of domestication, selection and breeding through thousands of years, there are 
now more than 7500 known apple cultivars in the world (Elzebroek and Wind, 2008). 
 
 
2.1.1  Apple production and products 
 
Apples are, by FAO statistics, the second most produced fruit in the world (Figure 1), 
with around 75 billion tons in annual production. This represents a global market worth 
around USD 50 billion. The main producers globally are China, with an annual production 
of around 35 million tons, the USA (4 million tons), Turkey, Poland, India and Italy 
(around 2 million tons each) (according to FAOSTAT, 2017) 
 
Figure 1: Distribution of world production of fruit in tons (data for 2014; FAOSTAT, 2017).  
Slika 1: Delež svetovne produkcije sadja v tonah (podatki za 2014; FAOSTAT, 2017).  
Bananas (18.23 %)
Apples (13.52 %)
Grapes (11.90 %)
Mangoes, mangosteens, guavas
(7.22 %)
Fruit, fresh nes (5.99 %)
Plantains (4.90 %)
Tangerines, mandarins,
clementines, satsumas (4.77 %)
Pears (4.12 %)
Pineapples (4.06 %)
Peaches and nectarines (3.64 %)
Fruit, tropical fresh nes (3.63 %)
Lemons and limes (2.60 %)
Papayas (2.02 %)
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Apples are grown commercially as a source of food. They are consumed as a table fruit, 
and can be processed into jam, or used in cuisine. Apples can also be used for producing 
beverages, either only by pressing to make apple juice, or with further fermentation, for 
vinegar or alcoholic beverages, such as cider, applejack or apfelwein. 
 
 
2.2  APPLE PRODUCTION AND STATUS IN FINLAND 
 
In Finland, apples have traditionally been cultivated in southwestern parts, with 
commercial production centered on Åland, an archipelago at the entrance to the Gulf of 
Bothnia in the Baltic Sea. To a smaller extent, they are also grown in western and 
southeastern parts of Finland. According to available information, the greatest extent of 
apple cultivation was achieved in the 1930s, when there were more than 3 million apple 
trees (Kinnanen and Antonius, 2006). A total of 2.5 thousand tons of apples was produced 
in 2004 (Fig. 2), but production has increased in the recent years, and the latest annual 
production recorded by FAOSTAT (2017) is 5 thousand tons in 2015. 
 
The apple was introduced to Finland in the late 15th and early 16th centuries. The first 
cultivars were brought from neighboring countries, Estonia, Russia and Sweden, as well 
as from Denmark and Germany. The apples introduced then were not adapted to the harsh 
climate, and most of them did not survive the long and extremely cold winters. Apple 
growing and cultivation spread slowly as more cold-resistant cultivars (Anisovka, 
Antonovka (Fig. 3)) were imported (Kinnanen and Antonius, 2006). Indigenous 
genotypes were developed from seeds, through hybridization between imported cultivars 
or possibly with the wild apple Malus sylvestris (e.g. Aholan, Grenman, Lemun talvi, 
Huvitus (Fig. 3)) and they are considered to be Finnish seed-born cultivars (Kinnanen and 
Antonius, 2006). In many cases, the ancestry of Finnish seed-born cultivars is unknown. 
 
Figure 2: Apple production in Finland for 1961–2014 (FAOSTAT, 2017). 
Slika 2: Pridelava jabolk na Finskem v letih 1961–2014 (FAOSTAT, 2017). 
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The Finnish plant breeding program for apples (Malus domestica Borkh.) started in 1958 
at the predecessor institutes of the Natural Resources Institute Finland (LUKE). The main 
aim was to combine the resistance to winter of Finnish local varieties with the fruit quality 
of foreign dessert fruit varieties. The 30 different crossings generated 10,756 seedlings 
for an experimental area. Two percent were selected for further studies. The apple 
breeding program resulted in 16 new varieties in the 1980–2003 period (Table 2), while 
a number of other candidates are under evaluation for release as new varieties (Heinonen 
and Kinnanen, 2017). One Finnish local variety, Huvitus, has been particularly valuable 
in the breeding program, transferring early maturity and winter hardiness to the new 
varieties (Heinonen and Kinnanen, 2017). Climate adaptation, including plant cold 
hardiness and frost tolerance, remain a major goal of programs, not only in Finland but 
all Nordic countries, to the present day. In recent years, LUKE has been focusing on pre-
breeding activities and resistance or tolerance to major pests and diseases, while yield and 
quality are also major goals of these programs. 
 
 
 
Figure 3: Apple varieties growing in Finland: Antonovka (1), Akero (2), Huvitus (3), Punakaneli (4). 
Slika 3: Finske sorte jablan: antonovka (1), akero (2), huvitus (3), punakaneli (4). 
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Table 2: Finnish apple cultivars released from the national breeding program between 1980 and 2003, by 
name, year of release and pedigree (Heinonen and Kinnanen, 2017). 
Preglednica 2: Finske jabolčne sorte iz nacionalnega programa križanj med letoma 1980 in 2003 po imenu, 
letu križanja in pedigreju (Heinonen and Kinnanen, 2017).  
Cultivar  Year of release Pedigree 
Pirja 1980 Huvitus x Melba (Y6122) 
Maikki 1980 Melba x Huvitus (y6013) 
Make 1980 Atlas x Keltainen syyskalvilli (Y6135) 
Jaspi 1980 Lobo x Huvitus (Y6011) 
Samo 1981 Melba x Huvitus (Y6010) 
Sandra 1996 Lobo x Huvitus (Y6219) 
Heta 1996 Lobo x Huvitus (Y6026) 
Konsta 1997 Lobo x Antonovka (Y665) 
Juuso 1997 Antonovka x Lobo (Y6625) 
Vuokko 1999 Melba x Huvitus (Y592) 
Pekka 1999 Lobo x Huvitus (Y6225) 
Petteri 2003 Lobo x Huvitus (Y628) 
Jättimelba 2003 Melba x Huvitus (Y6129) 
Tobias 2003 Lobo x Huvitus (Y6211) 
Talvikaneli 2003 Lobo x Punakaneli (Y6517) 
Talvikki 2003 Lobo x "Yläkautto" (Y6635) 
Conservation of Finnish apple varieties has been spearheaded in the past by Finish apple 
germplasm collection, managed by the LUKE institute. Collection is structured around 
documented literature references of apple varieties. Based on this data, an ex-situ field 
collection has been set up in Piikkiö, Kaarina municipality, in southern Finland. While a 
majority of the documented varieties were compiled into the collection, some of the 
reported varieties were not found (Kinnanen and Antonius, 2006). These efforts were 
accompanied by surveying of Finnish apple varieties in the field, in which new local apple 
varieties were found, especially from northern Finland. The discovered varieties were 
catalogued to form an in-situ collection. This survey also managed to find some varieties 
that, while described in old literature, were missing in the ex-situ collection. Plans for the 
future include genetic studies of the collected material. The genetic codes could reveal 
overlapping varieties, or reveal relations between varieties of unknown ancestry 
(Heinonen, 2014).Genetic studies performed by Garkava-Gustavsson et al. (2013) have 
shown that, despite a short history of cultivation, Finnish cultivars make up a distinctive 
group, different from the modern Swedish cultivars studied. 
 
 
2.3  MICROSATELLITES AND SHORT SEQUENCE REPEAT MARKERS. 
 
Genetic markers are DNA sequences with known locations on chromosomes. They are 
used for observing in analyzing the genetic identity of genotypes and study relations 
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between them. Many different approaches have been developed for studying them, most 
of which are characterized by at least some tradeoff between precision and convenience 
(Sunnucks, 2000). Genetic marker strategies mainly differ in which section of DNA they 
target and the kind of technology they use to observe the amplification results. 
Differences in DNA sequences can be observed in terms of point mutations (sequence 
comparison) or the length of amplified fragments (microsatellite and minisatellite 
markers).  
 
Microsatellites (or short sequence repeats – SSR) are one of the most applicable molecular 
markers used in genotyping. They consist of tandem repeats of a core DNA motif or 
repeat unit. Based on the length of the repeat unit, we divide them into three major groups: 
satellite DNA (>60 bp), minisatellite DNA (10–60 bp) and microsatellite DNA (1–6 bp). 
Most microsatellites are dinucleotides, while the length of a microsatellite sequence can 
range from 20 to a few hundred bp (Chistiakov et al., 2006). Microsatellites are abundant 
in eukaryotes, but are also present in prokaryotes. They can be located both in coding and 
anonymous parts of DNA, but while they may be mainly anonymous, this does not mean 
they are always completely neutral, as their length can influence chromatin composition, 
regulatory mechanisms and other processes (Chistiakov et al., 2006). 
 
Figure 4: SSR length variation created by unequal crossover of DNA on homologue chromosomes. The 
recombination of DNA occurs during meiosis and can produce new allele variants (Mouse … 2017). 
Slika 4: Variacija dolžine SSR, ustvarjena z neenako rekombinacijo DNK na homolognem kromosomu. 
Rekombinacija DNK se zgodi med mejozo in lahko ustvari nove alelne variante (Mouse …2017). 
The degree of genetic mutation in microsatellites is higher than in other genetic material, 
10-2–10-6 (microsatellite) mutations per gene in one generation—compared to 10-9 with 
other genes—resulting in a high degree of genetic polymorphism (Chistiakov et al., 
2006). The high mutation rate is explained by two models: slipped strand mispairng and 
unequal crossing over (both during DNA polymerization). Unequal crossing over (Figure 
4) happens during meiotic recombination of genetic material, in which case the enzyme 
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cleaving the DNA cuts microsatellite sequences on different parts, resulting in a new 
length of the microsatellite. Polymerase slippage (Figure 5) is more common than on 
other parts of the DNA, because of an increased ability of microsatellite DNA to form 
hairpin triplets. For example, in an (AT)n dinucleotide microsatellite, an ATA and TAT 
sequence can form a hairpin that stabilizes slippage. In plants, (AT)n dimer sequences are 
the most common, followed by (A)n monomers, (AG)n dimers and (AAT)n, (AAC)n, 
(AGC)n and (AAG)n trimmers (Gupta and Varshney, 2000). The high mutation rate also 
increases the possibility of homoplasy, since, theoretically, convergence in the size of 
different alleles is not a result of the same historical mutation, but rather a different 
mutation or a series of mutations with the same result. Microsatellites are spread across 
the entire genome of plants, and are found near centromeres, at the edges of chromosomes 
and even in chloroplasts. With the exception of microsatellites in tomatoes, they are not 
clustered together, but are spread out across the entire genome (Gupta and Varshney, 
2000; Chistiakov et al., 2006). 
 
SSRs can be studied using different approaches, either hybridization-based 
(oligonucleotide fingerprinting), or PCR-based (Gupta and Varshney, 2000). PCR-based 
approaches vary according to the aspect of SSR we want to study. If it is the variability 
of SSR loci, STMS (sequence-tagged microsatellite site) markers are used. Target marker 
primers in this case are oligonucleotide sequences, which flank the position of 
microsatellites, usually specifically for each SSR locus. The variability of loci revealed 
with this method is sometimes referred to as simple sequence length polymorphism 
(SSLP), as the variability is mainly observed in difference in the length of amplified 
fragments. For reading fragment length, different approaches had been used in the past, 
but a combination of fluorescent markers and modern capillary electrophoresis has 
proven to be the easiest and most accurate method (Gupta and Varshney, 2000).  
 
Microsatellite markers, while a good source of information, have certain specifics that 
need to be taken into consideration to avoid misinterpretations. The main problem are 
null alleles. We talk about a null allele when there is no amplification or annealing of 
primers to the flanking region of a microsatellite from the genetic source. This can happen 
for several reasons. The most common reason are point mutations that occur in the 
flanking region of the microsatellite, which causes the sequence primer to fail to 
recognize and bind with the target part of the sequence. Null alleles are also more likely 
to occur if in the process of PCR annealing the temperature is not optimized. Other 
reasons for null alleles include: DNA templates of bad quality and/or existence of shorter 
genetic sequences that the same primer set recognizes and therefore compete with the 
target sequence for the primer, but the shorter product would have an advantage in the 
amplification process. And if this amplification product is in the same size range as 
expected of microsatellite alleles, it might be indistinguishable from real microsatellite 
alleles. Meanwhile, the target microsatellite sequence is not amplified enough to be 
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observable. (Dakin and Avise, 2004). This effect is called homoplasy. We talk about 
homoplasy, when two DNA fragments, primed by the same set of primers, have the same 
lengths but differ in genetic sequence. Homoplasy is problematic, because it hides 
diversity and distorts the perception of population. Nevertheless, it is usually ignored in 
studies, because even without knowledge about homoplasic alleles SSR markers show a 
sufficient picture of the population (Park et al., 2009).  
 
 
Figure 5: The mechanism of expansion of triplet repeats through replication slippage. The C-T-G triplet 
repeats in the gene are highlighted except for those forming a loop. The increase in the number of repeats 
through replication slippage is a random process; there may be only one triplet or multiple ones. The figure 
shows an increase of three C-T-G triplet repeats in the gene in two rounds of replication. The DNA strand 
containing the C-T-G triplets (highlighted) is the sense strand; therefore, the mRNA will have the same 
repeats as C-U-G (Choudhuri, 2014). 
Slika 5: Mehanizem podaljšanja z zdrsom prepisovanega zaporedja. C-T-G ponovitve so poudarjene razen 
tistih, ki tvorijo zanko. Povečanje števila ponovitev je naključen proces; preskočena je lahko samo ena ali 
več ponovitev. Slika prikazuje povečanje zapisa DNK za tri C-T-G ponovitve, tekom dveh pomnožitev 
DNK (Choudhuri, 2014).  
Apple microsatellites were first studied by Guilford et al. (1997), who also proposed the 
first set of SSR-based markers, almost all of which were based on the GA(n) motif. The 
study found a similarly abundant microsatellite presence as in other plant genomes. 
Microsatellite markers were found to be a good tool for observing relations, determining 
identity, paternity analysis and studying variability of apple populations (Hokanson et al., 
1998). For apples, several hundred different markers have been described (Guliford et al., 
1997; Hokanson et al., 1998; Liebhard et al., 2002; Silfverberg-Dilworth et al., 2006). 
Information about most apple microsatellite genetic markers, their properties (annealing 
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temperatures, size) and other information (genomic neighborhood, references, etc.) can 
be found at http://www.hidras.unimi.it/. The goal of this website is to help identify the 
genetic factors for apple properties, making naturally resistant apple breeds accessible 
and recognizable to breeders. For this reason, part of the HIDRAS project (Gianfranceschi 
and Soglio, 2003) is the open genetic marker database, which includes SSR markers from 
different studies. 
 
A sufficient number of loci must be analyzed to establish a satisfactory probability of 
identity. (The more loci that are typed, the lower the probability of identity.) This measure 
shows the probability of two separate samples representing the same cultivar or variety. 
In some cases, as found by Pina et al. (2014), even 20 SSR markers cannot discern among 
clones of the same cultivar, which are phenotypically different in a particular 
characteristic. Moreover, although the unified set for analyzing European apples proposed 
by Laurens et al. (2003) is very useful, some of the markers are not always suitable. 
Namely, as primers of some markers (CH01h02, CH02c11) can bind to several 
homologous regions in the genome and misprime multiple loci. In some cases, 
amplification products from different loci are hard to tell apart, as found by Guarino et al. 
(2006). 
 
 
2.3.1  Genetic parameters for marker and diversity evaluation 
 
Analysis of allelic distribution and variability can contribute to many aspects of the 
population structure. The most common are observed and expected heterozygosity. 
Observed heterozygosity (Ho) is the share of heterozygotes in an observed population, 
while expected heterozygosity (He) is the theoretical share of heterozygotes in a 
population, calculated according to the Hardy-Weinberg principle. Expected 
heterozygosity is calculated (Formula 1) from frequencies of alleles (p) for a population 
(k) on different loci (m). Expected heterozygosity is a consideration of how a population’s 
genetic structure would be made up under the Hardy-Weinberg conditions for an ideal 
population (Nei, 1978). These conditions are: free transfer of genes, genes being unrelated 
to each other, no mutations and an unlimited population. Since none of these requirements 
can be fully met in reality, the observed heterozygosity of populations always differs from 
the expected one. What matters is whether this difference is significant. An important test 
of this is the P value. It is performed by comparing the expected and observed 
heterozygosity using the Chi square test (Nei, 1978; Hedrick, 2011). The difference can 
be also tested with a fixation index (Formula 2), which is used to describe the statistical 
deviation of observed heterozygosity from the Hardy-Weinberg equilibrium. 
 
𝐻𝑒 =
1
𝑚
∑ ∑ 𝑝𝑖
2 𝑘𝑖=1
𝑚
𝑖=1   … (1) 
Where He is expected heterozygosity, m is the number of loci, k is the number of alleles on a locus and p 
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is the frequency of alleles on this locus. 
 
F = 1 −
Ho
He
  … (2) 
Where F is the fixation index, Ho is observed heterozygosity and He is expected heterozygosity. 
 
Different approaches can be used to determine the information potential of data. The 
number of effective alleles (Formula 3) expresses genetic diversity of a single locus 
through the theoretic number of equally frequent alleles on one locus required to achieve 
the same diversity. 
 
 AE =
1
r
∑ (
1
1−Dj
)rj=1   … (3) 
Where AE is the number of effective alleles, r is the number of alleles and Dj is the Nei average gene 
diversity of j loci. 
 
It enables comparison of diversity of populations with a different number and distribution 
of alleles. Its value is reciprocally correlated to the value of expected heterozygosity. 
Polymorphism information content (PIC) (Formula 4) (Hedrick, 2011; Botstein et al., 
1980) shows how useful a particular marker is for analyzing the relations within a 
population. It is also calculated from frequencies of marker alleles in a population, with 
n as the number of different alleles. 
 
PIC = 1 − ∑ pi
2n
i=1 − ∑ ∑ 2
n
j=i+1
n−1
i=1 pi
2pj
2 … (4) 
Where pi is the frequency of alleles and n is the number of alleles per locus. 
 
 
2.4  EVALUATING THE DIVERSITY OF APPLE POPULATIONS 
 
Because of their utility, SSR genetic markers have been used in multiple studies of local 
apple populations. Studies have managed to cover almost the entire European apple 
population. Studies results are presented in table 3. 
 
In northwestern Spain, a diversity study on 140 apple accessions was performed with 10 
SSR markers, of which 2 amplified more than one locus (Pereira-Lorenzo et al., 2007). 
The study shoved high levels of diversity The gene flow appears high, with low 
differentiation among local cultivars. The study further revealed a significant amount of 
duplications. A similar study was performed in Aragon, another region of Spain. In this 
study, 130 native apple cultivars and 21 reference cultivars were analyzed, using 20 SSR 
markers (Pina et al., 2014). The levels of the average amount of alleles was similar (Table 
3) to other Spanish studies, but diversity was somewhat lower. Local accessions were 
found to be genetically distinct from foreign cultivars.  
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A study of 48 Italian apple accessions, analyzed with 10 SSR markers was performed by 
Guarino et al., (2006). The study exposed some problems with the unified set of SSR 
markers proposed by Laurens et al. (2004), as one of the markers failed to provide 
comprehensive results (CH1d03), and 3 others amplified more than 2 loci. Nevertheless, 
SSR markers revealed a high level of diversity. In a more recent study, a set of 383 native 
Italian apple accessions were analyzed with 15 SSR markers. (Liang et al., 2015). A high 
degree of genetic variability and diversity was observed and a notably higher number of 
alleles. Italian apples were found to be distinctive from global commercial apple cultivars.  
 
In Bosnia and Hercegovina (Gasi et al., 2010), a population of 24 native apple varieties 
was analyzed, combined with 15 international cultivars. Allele diversity was relatively 
high. Agro-morphological data were also analyzed, and clustering was done 
independently for morphological in genetic data. Clustering was performed for 24 native 
apples and 15 international cultivars. SSR-based clustering grouped a majority of the 
native varieties together. SSR genetic markers have proven more reliable in determining 
genetic relations than morphological data. SSR markers and agro-morphological traits 
showed little to no correlation. 
  
In a study of Swedish and Finnish apple cultivars (Garkava-Gustavsson et al., 2013), 43 
Swedish and 41 Finnish apple cultivars were analyzed. 16 European cultivars were 
included for referencing. The group was analyzed using 8 SSR markers, of which 3 
amplified 2 loci. In only one of those cases, both loci were considered in further research. 
All loci, except one, demonstrated a high degree of diversity, with a total of 105 different 
alleles. Structural analyses of the population revealed that Swedish and Finnish 
populations form distinctive groups from European cultivars and from each other, but 
there is slight overlapping of the groups. A dendrogram also showed consistency in these 
groupings. 
 
A study of modern Russian cultivars was conducted by Suprun et al. (2015). A total of 
31 apple accessions were analyzed using 12 SSR markers. While the number of alleles 
was lower than in other studies, diversity was still high. Relations predicted by genetic 
analysis correlated with the documented genetic ties among accessions.  
 
A study of Danish apple varieties (Larsen et al., 2017) was performed on a group of 287 
native accessions using 15 SSR genetic markers. Genetic diversity was average. Danish 
apple varieties were found to be related to other European apple cultivars and do not form 
distinctive group. 
 
A study of Norwegian apples (Gasi et al., 2016) was conducted on 158 unique apple 
accessions, of which 13 were reference cultivars and others were native varieties from 
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Norwegian off-situ collection. SSR profiles were observed using 8 SSR markers. The 
population had a somewhat low genetic diversity. Structural analysis showed some 
connection between native Norwegian apple cultivars and foreign cultivars adapted to 
colder temperatures.  
 
A large-scale study of European apple cultivars was performed by Urrestarazu et al. 
(2016), covering a majority of western and northern Europe, including Russia. A total of 
2446 accessions were collected, and genetic studies revealed 1859 unique genetic 
profiles. In the study, 16 SSR markers were used, revealing on average 23.06 alleles per 
locus. Overall diversity was very high compared to other studies. It also revealed that 
European apple cultivars can in general be divided into three major subgroups, which 
somewhat correspond with their geographical origins. 
 
Table 3: A review of studies on apple cultivars in European countries. Na: number of unique accessions; 
Nm: number of markers used; Ho: observed heterozygosity; He: expected heterozygosity; A: average 
number of alleles per locus; Ae: average number of effective alleles. 
Preglednica 3:Pregled študij na jabolčnih sortah za evropske države. Na: število enkratnih vzorcev; 
Nm: število uporabljenih genetskih označevalcev; Ho: opažena heterozigotnost; He: pričakovana 
heterozigotnost; A: povprečno število alelov na lokus; Ae: praktično število alelov. 
Study Region Na Nm Ho He A Ae 
Gasi et al., 
2010 
Bosnia and 
Herzegovina 
24 10 / 0.76 9.7 / 
Suprun at 
al., 2015 
Russia 31 12 0.79 0.76 7.75 / 
Guarino et 
al., 2006 
Italy 48 9 0.79 0.81 9.8 / 
Garkava-
Gustavsson 
et al., 2013 
Sweden and 
Finland 
101 8 0.74 0.72 11.89 5.33 
Pereira-
Lorenzo et 
al., 2007  
Spain 
(northwest) 
140 10 0.8 0.83 12.3 / 
Pina et al., 
2014 
Spain 
(Aragon) 
151 20 0.69 0.8 12.8 6.9 
Gasi et al., 
2016 
Norway 158 8 / 0.75 11.9 4.53 
Larsen et 
al., 2017 
Denmark 287 15 0.81 0.78 16 6.08 
Liang et al., 
2015 
Italy  383 15 0.78 0.8 16.85 5.58 
Lassois et 
al., 2015 
France 1084 21 0.83 0.82 19.5 6.2 
Urrestarazu 
et al., 2016 
Europe 1859 16 0.81 0.83 23.06 6.59 
AVERAGE  / / 0.79 0.79 / 5.88 
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2.5  CORE COLLECTIONS 
 
With the modern ways of farming, much of the genetic diversity of cultivated plant 
varieties is in danger of being lost (Thrupp, 2000). To prevent this, germplasm collections 
are being created to preserve germplasm diversity. Through time, germplasm collections 
have a tendency to increase in size as they gather new material (Marshall, 1989). This can 
lead to germplasm collections becoming unwieldy, difficult to use and hard to maintain. 
The idea of core collections emerged out of the need to manage diversity within 
expanding germplasm collections. It was proposed by Frankel (1984) as a minimal 
collection of different accessions, which would represent most of the population diversity 
within a given germplasm collection.  
 
Diversity can be estimated based on phenotypic properties, often targeting desired traits 
(e.g. fruit taste, aroma; color of flower; resistance) (Van Raamsdonk and Wijnker, 2000), 
but it can be unreliable, as phenotype can be influenced by external factors (i.e. 
temperature, nutrients). Other means of estimating genetic diversity for the purpose of 
creating core collections are genetic markers. While they depict diversity accurately and 
reliably, they do not take desired traits of cultivars into account (unless the chosen 
markers are related to the specific desired trait). This might somewhat limit the usability 
of core collections, viewed from the perspective of commercial breeders. But according 
to Santesteban et al. (2009), core collections based on molecular or genetic data do not 
differ significantly from core collections based on agro-morphologic data. This was 
demonstrated by construction of three core collections, each based on a different approach 
(genetic, molecular, phenotypic), and non-phenotypic approaches retained the same 
amount of phenotypic variability as the approach based on phenotypic traits. 
 
According to Brown (1989), the aim of core collections should be to capture up to 90% 
of diversity (all variants of an observed trait; or all variants of a certain gene i.e. alleles), 
while including less than 20% (ideally around 10%) of accessions of a certain population. 
They are not meant to replace, but to help manage germplasm collections. “Core” in the 
term core collection refers to containing key accessions of a comprehensive collection. 
Those entries serve as representatives and an access point to the entire collection. The rest 
of a particular collection is to be treated as a “reserve collection”. Its purpose is 
supplementing the core collection. It contains specimens that, while not possessing any 
private alleles, still represent parts of the diversity not covered by the core collection. Its 
value is that, while all the individual properties may be contained in the core collection, 
specific combinations of properties are held in the supplementary part of the collection.  
 
Constructed core collections can be used in screening for specific properties within a 
population (Miklas et al., 1999; Upadhyaya, 2005), mapping quantitative trait loci (Li et 
al., 2011), population diversity studies (Zhang et al., 2011), or marker-trait association 
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studies (Wang et al., 2011). 
 
 
2.5.1.  Methodologies for constructing core collections 
 
Core collections can be constructed using different approaches, depending on what kind 
of diversity we want to focus on conserving. If we chose to focus on allelic richness, as 
many unique alleles or traits as possible will be included. Another criterion for choosing 
entries in core collections is to take accessions based on the estimated relations between 
them. Relatedness can be based on different measures of genetic distance. Core collection 
construction strategies are roughly divided into two groups, based on entries selection 
criteria: maximizing strategies, which maximize allelic variability of core collection and 
stratifying strategies, which select entries into core collection on their genetic distance 
values. 
 
 
2.5.1.1 Maximizing strategies 
 
A maximizing strategy, or M strategy, is based on an algorithm that chooses accessions 
for core collections based on their genetic properties, with minimum regard for their 
relatedness (Schoen and Brown, 1993). It is based on genetic markers, and is built on a 
presumption that distribution of anonymous DNA (satellite DNA, SSR, etc.) is correlated 
with the distribution of functional DNA. In theory, this method works on the principle of 
creating all the possible subgroups (smaller sets of accessions, consisting of accessions 
of the studied group), which are than compared and the one containing the highest number 
of observed alleles is picked. In practice, the data are usually too extensive to examine all 
the possible variations, so software uses certain shortcuts. Diverse software variants have 
been created for maximizing the core collection sampling strategy, with examples 
including MSTRAT (Gouesnard et al., 2001), PowerCore (Kim et al., 2007) and 
CoreFinder (Cipriani et al., 2010). MSTRAT, which was one of the first such software 
solutions, is based on heuristic search among accessions, which means that it does not 
search for best possible solution, but its best possible approximation, given the limited 
resources (e.g. time and computing power). It was used in constructing apple core 
collections many times (Liang et al., 2015; Richards et al., 2009). It is proven to be one 
of the most efficient methods (compared to e.g. stepwise clustering strategy or 
logarithmic sampling strategy) of constructing core collections (Escribano et al., 2008). 
One of newer M-strategy software tools is CoreFinder (Cipriani et al., 2010), but it has 
not yet come into wide use.  
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2.5.1.2 Stratifying strategies 
 
Another aspect of constructing core collections is minimized representation of the 
original population. With an analysis of relations, the population is segregated into a 
number of smaller subgroups, from which we select a number of accessions. This way 
we get a stratified core collection.  
 
One of the strategies for preparing a stratified core collection is the logarithmic strategy, 
proposed by Brown (1989). In this strategy, all accessions are divided into subgroups. 
Core collection accessions are then sampled from each subgroup logarithmic to the size 
of the subgroup. This mitigates overrepresentation of larger groups, preventing core 
collections from being centered around one large homogenous sub-group of accessions. 
Another strategy is the stepwise clustering strategy (Hu et al., 2000), which is based on 
stepwise elimination of the most similar accessions. For the stepwise clustering strategy, 
Hu et al. (2000) also examined different approaches for creating subgroups using the 
Ward distance, the unweighted pair group method with arithmetic mean (UPGMA) 
hierarchical clustering, and complete-linkage clustering. UPGMA proved to be the most 
suitable for most sampling strategies. One example of software that can use the stratified 
strategy for creation of core collections is DARwin software (Perrier and Jacquemoud-
Collet, 2006) for inferring phylogenies or evolutionary trees from distance-based 
methods. The Max length subtree option of DARwin creates subgroups of accessions with 
maximum genetic distances in between them. 
 
In apple research, several core collections have been constructed using different methods. 
Maximizing strategy approaches usually give satisfactory results, as they maintain allelic 
richness but also keep representation of allelic frequencies and observed heterozygosity 
similar to the original group. The MSTRAT strategy of sub core creating takes an N 
number of random accessions, with N being a number chosen by the user. Then it 
calculates the number of alleles, and starts replacing accessions one by one. It is done by 
eliminating accessions with the lowest value of alleles within the accession (alleles that 
are already present in other accessions) and replacing it with others. All new subgroups 
are compared and the one with the best score (highest number of alleles) is retained. This 
method is repeated until the program finds no more possible improvements. The software 
also features a tool to evaluate two groups with the same allelic richness. In such cases, 
generalized variance is used as a criterion. MSTRAT was used for constructing a core 
collection of Italian apple cultivars (Liang et al., 2015), as part of which 383 local 
accessions and 35 reference cultivars were analyzed, and from the 192 unique accessions, 
a core collection of 55 entries was constructed, with a full allele conservation and an 
insignificant difference in population structure. It was also used by Richards et al. (2009) 
in a study of several Swiss apple germplasm collections, combining 965 samples 
altogether. It was used to expand existing core collections with additional entries from 
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other sources, based on agro-morphological data and SSR genetic data, and de-novo 
construction of a core collection based only on SSR data. Simple sequence repeats were 
analyzed on 7 loci, finding 102 alleles. The de-novo core collection based only on SSR 
genetic data consisted of 84 entries and captured the entire allele diversity.  
 
The CoreFinder software has a different procedure of core collection construction than 
MSTRAT. The user sets a number of iterations, and the software performs a Las Vegas 
style algorithm that runs until it reaches a maximum (after a certain number of repeats, 
no more improvements are found). Each iteration starts with a new randomly picked set 
of accessions to avoid local maximums (situations where an optimal result is impossible 
to reach due to the nature of the sampling procedure, but the software concludes it has 
actually reached it). CoreFinder was used to extract core collections from populations of 
Stylosanthes capitata and Stylosanthes macrocephala (Santos-Garcia et al., 2012). A total 
of 326 samples of the two plants were taken (192 and 134 respectively), and two core 
collections were constructed, consisting of 23 and 14 entries. Apart from the conservation 
of allelic variability, no other measure of population structure was tested. Another 
example of constructing a core collection with CoreFinder was done on Italian grapevine 
by Cipriani et al. (2010). A group of 1005 accessions was analyzed with 34 SSR markers. 
The accessions had an average of 8.6 alleles per loci and a mean of 3.21 effective alleles, 
while the overall observed heterozygosity was 0.403, and the expected heterozygosity 
was 0.440. The core collection was constructed with CoreFinder and managed to capture 
the entire allelic variability in 30 entries.  
 
Zhang et al. (2009) compared different approaches to core collection using the stepwise 
clustering strategy, making three different distance calculations for dendrogram 
construction from 109 apple accessions: the Nei and Li genetic distance, the simple 
matching coefficient, and Jaccard’s genetic similarity coefficient. For subgroup sampling, 
two approaches were compared: random and allele-preferred sampling (out of the two, 
the accession with the highest number of rare alleles (p<0.5) was chosen). For all the 
combined approaches (6), core collections of different sizes were chosen to determine the 
optimal size. The analysis was based on eight SSR markers, with a total of 128 alleles. 
The results were validated with morphological and sequence-related amplified 
polymorphism data. At the end, a collection of 25 entries was formed. While collections 
based on different measures of genetic distance differed relatively little, the random 
sampling strategy was significantly less effective than allele-preferred sampling, as it 
required more entries to capture the same level of genetic variability. 
 
Lassois et al. (2015) analyzed 2136 apple accessions from France, focusing on 24 loci. 
After eliminating duplicates and near duplicates that only differ on one or two loci and 
accessions with a high number of null alleles, 1421 unique accessions remained. Two 
groups were further studied: old dessert cultivars, consisting of 737 accessions, and 188 
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old cider cultivars. From this, three core collections were obtained: 278 entries for old 
dessert cultivars and 48 entries for old cider cultivars, as well as a nested core collection 
(a subgroup of core collections, intentionally kept small enough to be used for scientific 
purposes) for old dessert cultivars with 48 representatives. They were constructed using 
DARwin software, with the maximum distance tool, based on a UPGMA dendrogram. 
Both core collections were 20% the size of the starting groups, while retaining 90% of all 
alleles. The population structure, analyzed with parameters of heterozygosity and an R2 
test of allelic frequency, were statistically similar to the original group of accessions.  
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3  MATERIAL AND METHODS 
 
3.1  MATERIAL  
 
3.1.1  Plant material  
 
A total of 704 apple accessions were included into this analysis. Only part of the apple 
plant material (189 apple accessions) was collected recently (in 2015), in southwestern, 
central and northern Finland (Figure 6). The samples were collected in form of fresh 
mature green leaves of various sizes, from 10 to 20 cm2.  
Figure 6: A map of sampling locations. Each red spot represents a sampling location (Google maps, 
2017). 
Slika 6: Zemljevid lokacij vzorcev. Vsaka rdeča točka predstavlja lokacijo vzorčenja (Google maps, 
2017). 
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The codes, names of collecting sites and putative variety names for each of the 189 apples 
are provided in Appendix A. Additionally, data on 515 apple accessions from previous 
Finnish surveys from LUKE institute databases were included into the analysis. A list of 
these 515 apple accessions with names and genetic profiles is provided in Appendix B 1. 
 
 
3.1.2  Genetic markers 
 
A set of 10 SSR markers (Table 4) (Liebhard et al., 2002) was selected from the European 
Cooperative Program for Plant Genetic Resources (ECPGR) common set of SSR markers 
for Malus characterization, which were proposed by Laurens (2004), based on their PIC 
values.  
 
Table 4: The list of 10 microsatellite markers used to evaluate the 704 apple accessions by marker name, 
linkage group, repetitive motif, forward and reverse sequences of the primers. 
Preglednica 4: Seznam 10 mikrosatelitov, uporabljenih za študijo 704 vzorcev jablan z imeni označevalcev, 
pozicijami v genomu, vzorci ponovitev in primerji. 
Marker Linkage 
group 
Motif Forward sequence 5’–3’ Reverse sequence 5’–3’ 
CH01d03 4, 12 CT CCACTTGGCAATGACTCCTC ACCTTACCGCCAATGTGAAG 
CH01g12 5 CT GGCAGGCTTTACGATTATGC CCCACTAAAAGTTCACAGGC 
CH01H02 9, 17 CT AGAGCTTCGAGCTTCGTTTG ATCTTTTGGTGCTCCCACAC  
CH02c06 2 CT TGACGAAATCCACTACTAA
TGCA  
GATTGCGCGCTTTTTAACAT  
CH02C09 15 CT TTATGTACCAACTTTGCTAA
CCTC 
AGAAGCAGCAGAGGAGGATG 
CH02c11 10 CT TGAAGGCAATCACTCTGTG
C 
TTCCGAGAATCCTCTTCGAC 
CH02d08 11 GA TCCAAAATGGCGTACCTCTC GCAGACACTCACTCACTATCTCT
C 
CH04c06 17 GA GCTGCTGCTGCTTCTAGGTT GCTTGGAAAAGGTCATTGC 
CH04e05 7 GA AGGCTAACAGAAATGTGGT
TTG 
ATGGCTCCTATTGCCATCAT 
COL 10 GA AGGAGAAAGGCGTTTACCT
G 
GACTCATTCTTCGTCGTCACTG 
 
 
3.2  METHODS 
 
3.2.1  DNA isolation protocol  
 
The isolation of DNA was performed according the protocol of Kump and Javornik. 
(1996). We used 0.05 g of leaf material (around 5 cm2), cut into small pieces (around 
¼ cm2) and put into a mortar. We poured 1.5 ml of a preheated 2% CTAB solution [1M 
Tris-HCl, 0.5M EDTA, NaCl, dH2O] (65°C) on the plant material and ground it with a 
pestle until no visible parts of tissue were left. Around 0.5 ml of thus prepared material 
was put into a 1.5 ml Eppendorf tube. It was then placed into a warm bath for 1–1.5 hours. 
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After this, we added 700 μl of a cooled 25:24:1 mixture of Isopropyl, Chloroform and 
Isoamyl alcohol. Then we shook tube for one minute, until all the components in it formed 
a homogeneous mixture. The tubes were than centrifuged for 15 minutes at 10,000 rpm 
(rounds per minute). After the spinning, we took the aquatic phase and put it into a new 
tube, adding 70 μl of isopropanol and 700 μl of Na-acetate (pH 5.2). The solution was 
then left in a refrigerator at 4°C overnight. After this, it was centrifuged for 15 minutes at 
10,000 rpm, the supernatant was poured away, and the pellet was washed with 500 μl of 
70% ethanol. We centrifuged the sample again for 15 minutes on 10,000 rpm. The ethanol 
was then removed and the pellet was dried at room temperature and re-suspended in a 
10 ml buffer of TE [1M Tris-HCl, 0.5M EDTA, dH2O]. The samples were then stored at 
4°C. The concentration of DNA was measured with Nanodrop 1000 (ThermoScientific) 
optical measurement and diluted to 10 ng/μl with a TE buffer. 
 
 
3.2.2  PCR amplification protocol 
 
The amplification of DNA fragments was performed with PCR. The reaction was 
prepared on PCR plates with 96 tubes. For reaction, Phusion Polymerase and Phusion 
PCR buffer were used, provided by Thermofisher. Reactants and their quantities are 
reported in table 5. Multiplex of forward and reverse primers for four different loci were 
marked with different fluorescent molecules (6FAM, NED, VIC, PET) at the 5’ end. 
Multiplexes are described in table 6 The final volume of the reaction was 50μl. The PCR 
reactants and all the components were kept on ice for the entire time of preparation. Their 
volumes and concentrations can be found in Table 5. We multiplied the required 
quantities for a single reaction with the number of samples we were preparing, and added 
5%. We conducted the amplification in 96-well plates using a Mastercycler Gradient 
(Eppendorf AG Germany). The PCR conditions included a 4-minute denaturation phase 
at 94°C, followed by 25 cycles at 94°C for 40 s, at 60°C for 40 s, at 72°C for 45s, and at 
the end an elongation at 72°C for 5 minutes.  
 
Table 5: PCR amplification reagents and concentrations. 
Preglednica 5: PCR reagenti in koncentracije. 
 Volume for one 
reaction 
Concentration  Final concentration 
Phusion PCR Buffer 10 μl 5x 1x 
dNTPs solution 1 μl 10 mM 0.2 mM 
Phusion polymerase 0.5 μl 2000 U/ml 0.02 U/μl 
Primer forward 0.5 μl 100 pM 1 pM 
Reverse primer 0.5 μl 100 pM 1 pM 
Template DNA 2 μl 10 ng/μl 20 ng/μl 
dH2O 35.5 μl / / 
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Table 6: Multiplexes of genetic markers primers and associated fluorescent color markers 
Preglednica 6: Multipleks primerjev genetskih označevalcev in pripetih fluorescentnih molekulskih 
označevalcev. 
 Multiplex 1 Multiplex2 Multiplex 3 
6FAM COL CH01g12 CH01d03 
NED CH02d08 CH02c06 CH04c06 
VIC CH04e05 CH02c11  
PET CH01h02 CH02c09  
 
 
3.2.3  Analysis of PCR results 
 
 To analyze the results of PCR amplification, we used 1 μl of product and a 96-
well MicroAmp® plate (Applied Biosystems). This plate is compatible with a capillary 
electrophoresis machine. For the analysis, we had to add 0.5 μl of molecular standard LIZ 
600 (Applied Biosystems) and 10.5 μl of formamide to the sample. Formamide is a strong 
denaturant, which dissolves the double helix structure of DNA. According to the number 
of samples that we used for the analysis, we prepared a mixture of reagents in a 1.5 ml 
tube and added 11 μl of the mix to each sample on the plate. The plate with the prepared 
samples sealed with a cover, mixed and centrifuged.  
 
 The amplification results were analyzed with an ABI PRISM® 3100 genetic 
analyzer (Applied Biosystems), which uses capillary electrophoresis, and enables us to 
read the lengths of DNA fragments with high quality. The detection of fragments is based 
on fluorescence, which is induced with a laser. To collect data from electrophoresis 
results, we used Gene Mapper software (Applied Biosystems). From electropherogram 
images we deduced the lengths of amplifications on different loci (Figure 7). Data were 
put down in and Excel table, two columns for each locus. In cases where only one 
amplification length was observed, the same number was put down in both columns. 
 
  
Figure 7: A electropherogram image. On it we can see the results of three different amplifications (three 
different colors). The peak of each color represents an amplified SSR allele. The length of the amplified 
fragment was calculated based on the position of the size standard (LIZ 600) and the peak on the x-axis. 
Slika 7: Slika elektroferograma. Na njej lahko vidimo rezultate treh različnih pomnoževanj (tri barve). Vrh 
vsake barve predstavlja pomnožen SSR alel. Glede na pozicijo velikostnega standarda (LIZ 600) in vrha na 
x osi je nato izračunana dolžina SSR fragmenta. 
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3.2.4  Genetic diversity analysis 
 
Cervus software, version 3.0.7 (Kalinowski et al., 2007), was used to examine variability 
parameters, such as expected and observed heterozygosity, expectancy for null alleles and 
the PIC value. Cervus software was also used to detect the number of different alleles on 
a particular locus, and to identify identical accessions, which were marked and removed. 
To calculate the number of effective alleles per locus, we used GenAlex software, version 
6.502 (Peakall and Smouse, 2006). It is a Microsoft Excel plug-in for data analysis based 
on genetic markers. Data input is a simple Excel spreadsheet with allele data. DARwin 
software (Perrier and Jacquemoud-Collet, 2006) was used to calculate the dissimilarity 
among samples (with a simple matching coefficient) and construct dendrograms (Figure 
8, Appendix D) based on the dissimilarities.  
 
 
3.2.5  Constructing core collections 
 
For the construction of core collections, two general strategies were used: the maximizing 
strategy, which strives to capture all alleles within a population in the core collection, and 
the stratified strategy, which tries to capture diversity by sampling accessions according 
to the genetic relations among them. 
 
 
3.2.5.1  Maximizing strategies 
 
In this research, we used two different pieces of software, optimized for the maximizing 
strategy: MSTRAT (Gouesnard et al., 2001) and CoreFinder (Cipriani et al., 2010). We 
programed MSTRAT to create a core collection, with the Nei diversity index as a 
secondary criterion. The size was set to 43 accessions, which is 10% of all unique 
accessions, as proposed by Brown (1989). We performed 20 runs and chose a group with 
the best properties.  
 
CoreFinder offers very little options for customization of runs. It only allows the user to 
set the number of iterations and the number of runs. We performed 20 runs, and picked 
the one with smallest core collection, because users cannot define the size of the core 
collection in this program. 
 
 
3.2.5.2  Stratifying strategies 
 
The idea of stratified sampling of core collections has been around since the beginning of 
the concept of core collection. It was proposed as method for constructing core collections 
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by Brown (1989). Its advantage over random sampling is that it uses genetic distribution 
of accessions for representation of the population. The number of accessions taken from 
the group depends on how we decide to sample. In this work, we will examine three 
stratified strategies. The first one is the logarithmic strategy (L strategy) proposed by 
Brown (1989), the second is the stepwise clustering strategy (S strategy) proposed by (Hu 
et al., 2000), and the third one, which is based on a study by Lassois et al. (2015), is called 
the maximal genetic distance strategy (G strategy). 
 
The L strategy selects entries for the core collection from sub-groups, into which 
accessions are divided. Accessions are clustered together into subgroups in a dendrogram, 
based on the Ward distance (as in Escribano at al., 2008), provided by DARwin. The 
sampling from subgroups is to done by random picking from subgroups.  
 
The S strategy is based on step-by-step removal of accessions. For this, we first prepare 
a tree of relations among accessions. Based on this dendrogram, we create subgroups of 
the closest related accessions on the lowest level of the dendrogram. Singular accession 
is connected to the rest of the branched structure, but they form their own subgroup. From 
each subgroup with two or more accessions, we pick and remove one, and create a new 
dendrogram from the remaining accessions. This process is repeated until we are left with 
the desired number of accessions. Based on a study of Hu et al. (2000), we decided to use 
the neighbor-joining approach on a dendrogram constructed in DARwin. 
 
The G strategy is based on the “max distance subgroup” function in DARwin software, 
and was first used to construct an apple core collection by Lassois et al. (2015). The same 
dendrogram as for the stepwise clustering strategy was used. 
 
We also tested the CoreHunter software (De Beukelaer et al., 2012; Thachuk et al., 2009), 
which allows combining different strategies. In our study we usedweighted combination 
of Cavali-Sforza and Edwards distance and the number of effective alleles index with the 
Monte Carlo algorithm for selection process. 
 
  
3.2.6  Comparative analysis of core collections 
 
Since we want to determine which of the core collections is the best, parameters need to 
be set that will allow comparing and assessing them. In the comparative analysis, we 
focus on two goals: conserving allelic variability and conserving the population structure. 
Conservation of genetic variability was estimated using two parameters: total allele 
conservation and similarity of the population’s allelic structure. Total allele conservation 
is the rate at which different alleles are represented in core collection. It is expressed as 
the number of all alleles in the core collection compared to the total allelic variability of 
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the entire population. The higher the number, the better the collection.  
 
To measure the similarity of allele frequencies between the original group and core 
collections, we have chosen a coefficient of determination test (R2)  (Formula 5). For 
heterozygosity, values and standard errors were calculated, and based on this we observed 
whether the differences between the core populations and the main population were 
statistically significant. 
 
 
𝑅2 = 1 −
𝑆𝑆𝑅𝐸𝑆
𝑆𝑆𝑇𝑂𝑇
 … (5) 
Where SSRES (Formula 7) is the sum of squares of residuals, and SSTOT (Formula 6) is the total sum of 
squares (proportional to the variance of data). 
 
 
𝑆𝑆TOT = ∑ ( 𝑦𝑖 i − 𝑦 ̅) … (6) 
Where yi is the frequency of alleles, and y̅ is the average frequency. 
 
 
SSRES = ∑ ( 𝑖 yi − fi ) … (7) 
Where yi is the frequency of alleles, and fi is the expected frequency of alleles according to the trend line.  
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4  RESULTS 
 
4.1  DNA ISOLATION AND AMPLIFICATION 
 
DNA was isolated and amplified according to the protocols. Out of the 10 markers, 7 
gave good results, while three amplification results (for CH01d03, CH01g12, CH04c06) 
were poor and were excluded from further analysis. CH04c06 amplified two different loci 
and amplification results from these two loci were indistinguishable. CH01d03 amplified 
multiple loci, and the amplification results of the different loci were also 
indistinguishable. The amplification rate with CH01g12 was very low (only a few 
accessions gave amplification on this locus). Only one accession, 7-2015, did not amplify 
any loci, while all other samples amplified at least 2 loci.  
 
 
4.2  IDENTITY ANALYSIS 
 
Genetic profiles of all accessions can be found in Appendix B. Among the 704 analyzed 
accessions, we found 306 duplicates, divided into 85 groups. From each group, only one 
accession was admitted, while the remaining redundant accessions were removed from 
further analysis. Out of those 85 groups of duplicates, accessions in 31 groups were 
marked as the same cultivar. For 15 groups of duplicates, only one or none of duplicated 
accessions had a cultivar label of the sample. The remaining 39 groups of duplicates 
consisted accessions with different reported cultivars. Since it is unlikely that different 
cultivars would have the same SSR alleles, it is most likely that this is a result of sample 
mislabeling. Hence, the ostensible variety of those accessions is most likely false. The 
groups od duplicates with different reported cultivars are listed in appendix C.  
 
Out of the remaining 483 accessions, 49 were removed because data for more than one 
locus was missing. The total number of different alleles (118) remained the same even 
after the removal of these 49 accessions.  
 
For reference purposes, we took 8 cultivars that were analyzed in previous and current 
studies, so we could do comparison among them. For all of them, we could see complete 
matching, or minor discrepancies for one allele (often the locus that did not amplify a 
result). A comparison was made for Antonovka, Grenman, Jusso, Gyllenkrokin 
Astrakaani, Norland, Pohjolan ruusu, Lantun talvi, Snygg and Kaikuvuori cultivars. 
Based on this comparison (Appendix D), we established that all reported genotypes match 
almost completely, usually with one allele difference on a single locus. Based on this, we 
concluded that the data we acquired through isolation and data from previous studies were 
compatible. 
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4.3  ALLELE DIVERSITY AND VARIABILITY OF ACCESSIONS 
 
All allelic data from all loci combined provided 118 alleles, or 16.85 alleles per locus on 
average (Table 7). The observed heterozygosity of the entire population was 0.795, while 
the expected heterozygosity was 0.808. Table 7 shows the values for specific loci 
parameters, while Table 8 provides the general data about the size and range of fragments 
and their frequency within the entire population. The most informative locus was 
Ch02c06, with a PIC of 0.858, while CH01H02 was the least informative one, with a PIC 
of 0.648. The observed and expected heterozygosity match very well, with the exception 
of locus COL, where the fixation index exceeds 0.05.  
 
Within the population, we found 20 private alleles (appears in only one accession) and 26 
rare alleles (less than 1% occurrence within the population). The locus with the most 
private alleles was CH04e05, with 4 private alleles, while most rare alleles (including 
private alleles), 10, were found on locus CH02c06. Rare and private alleles account for 
around a third of all alleles. 
Table 7: Parameters of genetic variability. N: total number of allelic data per locus; An: number of alleles; 
Ae: number of effective alleles; PIC: polymorphic information content; Ho: observed heterozygosity; He: 
expected heterozygosity; F: fixation index; Ena: expected null allele frequency. 
Preglednica 7: Parametri genetske variabilnosti. N: število alelnih podatkov za lokus; An: število alelov; 
Ae: praktično število alelov; PIC: informacijska vrednost polimorfizma; Ho: dejanska heterozigotnost; He: 
pričakovana heterozigotnost; F: indeks fiksacije; Ena: pričakovana frekvenca ničnih alelov. 
 N An Ae PIC Ho He F Ena Range bp 
Ch01H02 430 11 3.153 0.648 0.658 0.683 0.036 0.024 234–258 
CH02c06 420 23 7.760 0.858 0.876 0.871 –0.005 0.013 200–287 
Ch02C09 424 15 7.135 0.844 0.847 0.860 0.015 0.007 228–324 
Ch02c11 427 17 5.175 0.784 0.836 0.807 –0.035 0.019 207–266 
Ch02d08 427 19 6.453 0.832 0.829 0.845 0.018 0.098 206–260 
CH04e05 431 18 4.690 0.762 0.803 0.787 –0.020 0.015 175–230 
COL 434 15 5.018 0.776 0.714 0.801 0.108 0.056 205–252 
Total  118        
Mean 427.6 16.85 6.26 0.786 0.807 0.794 0.016 0.033 / 
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Table 8: The allelic structure of the accession group. The frequency is provided for each allele on each 
locus. Alleles are listed as the length of the amplified sequence. AL: amplification length of the allele; Fre: 
frequency of the allele (%). Rare alleles are bolded and private alleles are in red. 
Preglednica 8: Alelna struktura skupine vzorcev. Za vsak alel na lokusu je podana njegova frekvenca. Aleli 
so razvrščeni po dolžini pomnožka. AL: dolžina alelnega pomnožka; Fre: frekvenca (v %); odebeljeno: 
redek alel; rdeče: privaten alel. 
Ch01H02 CH02c06 Ch02C09 Ch02c11 Ch02d08 CH04e05 COL 
AL Fre AL Fre AL Fre AL Fre AL Fre AL Fre AL Fre 
234 0.2 200 1.9 228 0.2 207 0.1 206 0.2 175 37.4 205 2.2 
238 50.2 204 2.7 234 10.7 209 1.3 208 2.2 183 2.3 214 0.1 
240 0.2 209 6.5 237 0.4 211 0.1 214 32.1 185 0.1 219 0.9 
242 9.5 219 18.6 240 18.8 215 1.9 216 2.0 191 0.5 221 13.8 
244 0.2 232 14.5 242 2.6 217 32.8 218 7.8 199 4.3 223 3.7 
246 3.5 234 3.1 244 12.1 219 19.4 220 6.3 201 0.1 225 0.2 
248 8.8 236 0.6 246 17.1 221 1.2 223 1.1 203 10.4 229 0.1 
250 21.0 238 1.9 248 0.2 225 19.2 225 4.0 205 2.1 231 34.0 
252 1.3 242 1.2 250 11.8 227 0.8 227 9.1 207 1.3 233 16.2 
254 0.1 246 8.0 252 0.2 229 3.6 229 0.2 210 9.7 235 3.6 
258 4.8 248 0.8 254 0.4 231 3.4 231 6.8 212 1.9 240 7.5 
  250 0.2 257 16.5 233 2.5 237 0.2 216 0.1 242 17.2 
  252 0.5 259 8.7 235 4.8 244 0.1 218 0.6 244 0.2 
  254 6.0 268 0.1 237 1.4 248 8.4 222 1.7 250 0.1 
  256 22.5 324 0.1 239 6.9 250 0.1 224 21.9 252 0.1 
  258 0.2   243 0.2 252 0.7 226 2.2   
  260 0.2   266 0.4 256 12.6 228 3.2   
  262 0.1     258 5.6 230 0.1   
  264 0.2     260 0.1     
  266 7.1           
  268 0.2           
  271 2.5           
  287 0.2           
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4.4 CORE COLLECTIONS 
 
Four different software tools were used to construct 6 core collections using different 
algorithms. Each approach gave a different rate of allele conservation (table 9, table 12). 
While the target size was 10% of all accessions (43 accessions), this was impossible with 
three of the approaches used due to their limitations. 
Table 9: Conservation of alleles within core collections by locus, compared to allelic variability of the entire 
original collection. 
Preglednica 9: Ohranjenost alelov v jedrnih zbirkah glede na posamezno strategijo izdelave, prikazano po 
posameznih lokusih, glede na alelno variabilnost celotne izvorne skupine vzorcev. 
 Ch01H02 CH02c06 Ch02c09 Ch02c11 Ch02d08 CH04e05 COL 
Original 
group 11 23 15 17 19 18 15 
MSTRAT 11 22 15 17 19 18 15 
CoreFinder 11 23 15 17 19 18 15 
Log. strategy 7 13 10 13 13 12 9 
Stepwise 
strategy 10 18 11 14 14 16 12 
CoreHunter 11 19 11 14 18 17 14 
Maximal 
genetic 
distance 9 17 8 13 13 15 12 
4.4.1  Maximizing strategies  
 
4.4.1.1 MSTRAT 
 
First, we ran a redundancy test where software estimates the required size of the core for 
capture in the collection. To capture the entire allelic pool, MSTRAT estimated it would 
require a minimum of 37 entries in an ideal construction. Since our target was 10%, we 
decided to go for a larger collection. The downside of MSTRAT is that it can only manage 
a limited number of iterations, as bigger numbers of iterations consume too much space 
on the computer. We therefore limited ourselves to 100 iterations, which in some cases is 
not enough to get the best results. Taking more iterations resulted in software crashes. 
After 20 reruns at a core size of 43, we picked the best result. For the possible secondary 
parameters, we had chosen Nei’s genetic distance. Core collections include all the alleles 
except one, which is private (allele 268 on CH02c06, contained only in the sample 
Mustiala 54 a). The contents of this core collection are provided in Appendix E. The 
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general statistics are listed in Tables 11 and 12. 
 
 
4.4.1.2 CoreFinder. 
 
Since CoreFinder does not allow the user to determine the size of the core collection, but 
tries to find the smallest number of accessions required to cover whole allelic richness on 
its own, the core collection it created had 37 entries. Within these 37 entries, the entire 
allelic variability was captured. Entries in this collection are listed in Appendix E. 
 
 
4.4.2 Stratified strategies 
 
4.4.2.1 The logarithmic strategy 
 
Using a dendrogram based on Ward distances, 10 subgroups were recognized. Entries 
were then randomly sampled from subgroups based on the number of accessions in the 
subgroups. The subgroups were determined using the dendrogram (Figure 8). By trying 
different logarithmic bases (Table 9), we decided that the optimal size of the core 
collection would be reached by using a logarithm with a base of 2.3. The core collection 
captured only 77 alleles out of 118. Subgroup sizes and the numbers of entries taken from 
them are listed in Table 9. The contents of the collection can be found Appendix E. 
Table 10: The size of subgroups and number of entries taken from them according to different logarithms. 
Preglednica 10: Velikost podskupin in število vnosov iz njih glede na različne osnove logaritma. 
 
 
4.4.2.2 The stepwise clustering strategy 
 
We performed 8 steps of stepwise removal, in which 383 accessions were removed. In 
the ninth step, 10 more accessions were to be removed, but this would leave the core 
collection with only 41 accessions. Since our target size was 43, we were confronted with 
a decision whether to carry on with the last step and have an undersized core collection, 
or stop at an oversized core collection. We decided to keep the number of entries above 
43, so this core collection contains 51 accessions. The collection retained 95 alleles out 
Group number 1 2 3 4 5 6 7 8 9 10 Total 
Group size 32 33 94 52 43 29 33 52 27 47 434 
ln 3 3 5 4 4 3 3 4 3 4 36 
log (2.4) 4 4 5 4 4 4 4 4 4 4 41 
log (2.3) 4 4 5 5 4 4 4 5 4 4 43 
log (2.2) 4 4 6 5 5 4 4 5 4 5 46 
log (2) 5 5 7 6 5 5 5 6 5 6 55 
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of 118, and some of the alleles left out were quite common, with frequencies exceeding 
0.04. The contents of the collection are listed in Appendix E. Other parameters can be 
found in Tables 10 and 11.  Dendrogram used is presented in Appendix F. 
 
Figure 8: A dendrogram of population clustering based on the Ward genetic distance. Subgroups used for 
the construction of the core collection based on the logarithmic strategy and are numbered according to 
table10. 
Slika 8: Dendrogram združevanja populacije v skupine, osnovana na Wardovi genetski razdalji. Podskupine 
so oštevilčene, kot so uporabljene za jedrno zbirko po logaritmični metodi v tabeli 10. 
4.4.2.3 The maximal distance subgroup 
 
We used the same dendrogram based on the Ward distance (Figure 8), and set the number 
of accessions for the core collection at 43. The collection managed to retain 86 alleles out 
of 118, and some of the omitted ones were common. This approach had the highest 
discrepancy between the observed and expected heterozygosity (Table 11). The content 
of the collection can be found in Appendix E, while other population parameters are listed 
in Tables 10 and 11 
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4.4.3 Mixed strategy 
 
CoreHunter allows us to combine different models based on genetic distance and allelic 
richness, a possibility to determine the prevalence of the aspects dynamically. In our 
research, we limited ourselves to only testing its capabilities compared to approaches 
based on a single aspect of diversity. For this, we set the preference to a 50:50 weighted 
combination of the Cavali-Sforza and Edward distance, focused on maximal genetic 
distance and the number of effective alleles. We set the core size limit to 43, and used the 
Monte Carlo algorithm set to 10 replicates. The core collection with the highest combined 
score for both criteria was selected. The collection retained 107 alleles out of 118, and all 
the omitted alleles were private or rare. The contents of the collection can be found in 
Appendix E, while the genetic composition parameters the are listed in Table 10 and 11. 
 
 
4.5 COMPARISON OF CORE COLLECTIONS 
 
We compared the values of the genetic parameters of all the constructed core collections 
with the total set of all unique accessions (434) in order to determine and evaluate the 
differences between them. The differences among the 6 core collections themselves were 
also studied. The following genetic parameters were compared between the full data set 
and the 6 core collections, and among the 6 core collections: the number of alleles retained 
(Table 8), the share of allele conservation (Table 11), size (Table 11) and similarity of the 
allelic structure between the original and the core collections (R2, Table 10). To observe 
the impact of rare alleles on core collections, we also created core collections in which 
private alleles were ignored (Table 12). For MSTRAT, 20 runs were made with 100 
iterations, but still not all alleles were included.  
Table 11: The structure of variability parameters within the total set of accessions and core collections. He: 
expected heterozygosity; Ho: observed heterozygosity; S. E.: standard error; R2: coefficient of 
determination; Ae: number of effective alleles representing effective diversity. 
Razpredelnica 11: Prikaz parametrov variabilnosti znotraj jedrnih zbirk in začetne, izvorne skupine 
vzorcev. He: pričakovana heterozigotnost; Ho: dejanska heterozigotnost; S. E: standardna napaka; R2: 
koeficient determinacije; Ae: praktično število alelov. 
 
Original 
group MSTRAT 
Core 
Finder 
Logarithmic 
strategy 
Stepwise 
strategy 
Core 
Hunter 
Max. 
genetic 
distance 
He 0.8075 0.8585 0.824 0.806 0.8254 0.8734 0.8551 
(S.E.) 0.024 0.029 0.028 0.031 0.018 0.015 0.017 
Ho 0.7947 0.8575 0.826 0.808 0.8059 0.8815 0.7486 
(S.E.) 0.03 0.019 0.015 0.027 0.035 0.021 0.049 
R2 1 0.9318 0.88 0.9484 0.9327 0.8828 0.8384 
Ae 6.260 7.318 6.779 5.717 6.065 8.544 7.410 
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Table 12: Effectiveness of conserving the allelic richness of the original group by different core collection 
construction methods. 
Preglednica 12: Učinkovitost ohranjanja alelne variabilnosti pri različnih jedrnih zbirkah. 
 
Original 
group MSTRAT 
Core 
Finder 
Logarithmi
c strategy 
Stepwise 
strategy 
Core 
Hunter 
Max. 
genetic 
distance 
Group size 434 43 37 43 51 43 43 
Percent of 
original size 100.0% 9.91% 8.53% 9.91% 11.75% 9.91% 9.91% 
 
Total number of 
alleles 118 117 118 77 95 107 87 
Share of allele 
conservation 100.0% 99.15% 100% 67.80% 80.51% 90.68% 73.73% 
 
Table 13: Comparison of core collection strategies when private alleles are ignored. N: Number of 
accessions; An: number of alleles; Ae: number of effective alleles; He: expected heterozygosity; R2: 
coefficient of determination. 
Preglednica 13: Primerjava strategij izdelave jedrnih zbirk brez upoštevanja privatnih alelov. N: število 
vzorcev; An: število alelov; Ae: praktično število alelov; He: pričakovana heterozigotnost; R2: koeficient 
determinacije. 
  
Total set 
Core 
Finder MSTRAT 
Core 
Hunter 
Log. 
strategy 
Stepwise 
clustering 
strategy 
Maximal 
genetic 
distance 
N 434 27 43 43 43 43 43 
An 98 98 96 95 73 85 83 
He 0.81 0.83 0.82 0.86 0.81 0.82 0.86 
Ae 5.57 11.17 5.87 7.73 5.57 6.88 7.3 
R2  1 0.91 0.94 0.91 0.95 0.94 0.84 
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5 DISCUSSION AND CONCLUSIONS 
 
5.1 GENETIC COMPOSITION OF THE POPULATION. 
 
In our study, an average of 16.85 alleles per locus were found, which is 3 more than in 
the research conducted by Garkava-Gustavsson (2013) for same set of loci and for 101 
samples from Sweden and Finland. Compared to some other publications, we noticed a 
wide range in size of some amplified fragments (287 on CH02c06, or 324 on CH02c09) 
and a high number of different alleles. The high degree of polymorphism and difference 
from previous studies could be attributed to two factors: the size of the analyzed 
population and the diverse origin of cultivars. Because we examined a large and diverse 
set of apple accessions, we were more likely to find rare alleles than we would in a smaller 
and less diverse group. In our research, we worked with over 700 samples. Some of these 
alleles appear in less than 0.5% of the final set of samples. If the sample set were smaller, 
most of them would probably go missed. We can see a similar result in the study of French 
apple cultivars by Lassois et al. (2015), where a group of 1000 samples had 2 more alleles 
per locus on average (19.5), while the number of effective alleles was basically the same 
(6.2). In a large study of different European apple populations (Urrestarazu et al., 2016), 
the difference was even higher. In 1859 apple accessions, on average, 23 alleles per locus 
were found, while the number of effective alleles was still 6.59. In the study of apple 
cultivars in northern Spain conducted by Pina et al. (2014) on a set of 140 accessions, the 
average number of alleles per locus was significantly lower (12.8), while the number of 
effective alleles was similar (6.9). This trend is also visible when observing multiple other 
studies (Table 3): the number of alleles generally increases with the number of studied 
accessions, while the number of effective alleles hardly correlates with the set size. From 
these examples, we can conclude that this high allele variability in our study comes from 
the large number of accessions used in the study.  
 
The expected and observed heterozygosity match to a high degree, except for loci COL 
and Ch02c11. The highest degree of correlation between observed and expected 
heterozygosity was recorded for CH02c06, which also has the highest degree of 
heterozygosity, while COL and Ch01h02 display the lowest levels of heterozygosity. The 
mean fixation index for all loci is 0.016, with COL value greatly increasing the mean 
value (without it, the index would be only 0.001). The discrepancy between the expected 
and observed heterozygosity on only one locus (in our case locus COL) can be attributed 
to genetic drift or the occurrence of null alleles. Value 0 for the fixation index would 
imply perfect matching between expected and observed heterozygosity, which points to 
free transfer of genes within the population. Based on the low value of the fixation index, 
we can conclude that the accessions in our study are a result of a great deal of free genetic 
exchange. 
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Overall, we can conclude that, based on the number of effective alleles, the rate of genetic 
variability within the studied set of 704 apple accessions collected in Finland is similar to 
other European apple populations.  
 
 
5.2  CORE COLLECTIONS  
 
In this study, we constructed six core collections, using six different approaches/methods 
and different software, and compared them among themselves. We chose MSTRAT 
because it was used in many previous studies, particularly those involving apples. 
CoreHunter was picked especially because it allows combining different approaches. We 
were interested whether a combined approach would prove to have any significant 
advantage. While core collections can include 10–20% of the original population, we 
aimed at the lower figure. This served two purposes: keeping the core collection 
practically small and putting stress on the sampling strategies to determine their strengths 
and weaknesses.  
 
Ideally, all the resulting core collections would be the same size, 10% of the total set of 
accessions. But due to limitations of the software or methods, we were unable to set the 
same threshold in all cases. Specifically, CoreFinder always creates the smallest possible 
collection, and since it covered the entire allelic diversity in only 37 entries, it stopped 
there. This resulted in an undersized core collection. In the case of the stepwise clustering 
strategy, accessions are removed in groups, step by step, and if we had performed the last 
step, the remaining group would go below the target number of 43 accessions. Core 
collections constructed using MSTRAT, CoreHunter, the logarithmic strategy and the 
maximal genetic distance strategy were able to create core collections with a defined size 
target.  
 
CoreFinder was found to perform very well, capturing all the observed allelic variability 
with only 37 accessions. The R2 test for the CoreFinder core collection performs fourth 
best compared to other core collections. Since CoreFinder is a size and allelic richness 
driven program, we assumed that the population’s allelic structure would be ignored. He 
and Ho (Table 11) are higher than in the total set of accessions, but standard error is within 
range, and R2 is only closer for the logarithmic strategy core collection. We should also 
note that this core collection is at least 10% smaller than all other proposed core 
collections. While smaller core collections are, of course, favorable, we are concerned 
about the implications of such size reduction. Santesteban et al. (2009) demonstrated on 
apples that SSR diversity translates well into phenotypical diversity, however, their study 
extracted the core collection with the stepwise clustering strategy. While it used SSR 
markers to construct the core collection, it was evaluated based on isoenzyme and 
morphological data. The core collection in their study failed to calpture all SSR allele 
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variants. Here lies risk of focusing too much on SSR, which may lead to loss of 
phenotypical diversity. Although this is unlikely, it must be taken into consideration. 
The MSTRAT core collection preserves almost all the alleles with the exception of one. 
The theoretical redundancy calculator showed that a core collection of the same size as 
with CoreFinder could be produced, but we decided to retain the 10% target. This made 
the collection more comparable with others. Second, despite the fact that we ran 50 sets 
with 100 iterations, it still failed to capture all the alleles. With different sets, different 
alleles were missing, but always only one and always a private one (an allele only found 
in one accession). The data matrix was carefully examined, but no errors were found. It 
is surprising, as only 37 accessions were predicted by the software to be necessary to 
capture the full genetic variability. A similar pattern is observed in the study on cherimoya 
conducted by Escribano et al. (2008), in which a majority of alleles were captured with 
10 accessions, but another 20 entries were necessary to capture an additional 4 alleles. 
The observed and expected heterozygosity are quite high with the MSTRAT core 
collection, which is the result of picking the Nei diversity index as a secondary selection 
parameter. The MSTRAT core collection and the CoreFinder core collection share 22 
accessions, and both conserve a similar amount of variability. The MSTRAT core 
collection has a higher R2 value. According to the formula, a larger group is more likely 
to resemble the original population more closely. To explain: if a particular allele appears 
only once in the entire set, but is included in a smaller subgroup, its relative frequency 
within this subgroup will be higher. And to compensate for the frequency increase of this 
allele, the relative frequency of another allele will drop. If we have multiple private alleles 
within a population, this effect is enhanced. Furthermore, the smaller the subgroup, the 
more this effect is enhanced by the fact that there are less spaces to fill once we have 
included all the alleles from the total set. In a theoretical example of the smallest possible 
subgroup, each allele would be represented only once. Since all the alleles within this 
subgroup would have an equal frequency while they were different in the total set, the 
structures of both groups would be distinctively different. The R2 test (Table 11) for the 
MSTRAT core collection reveals quite a strong resemblance to the original population, 
although the result is not as good as with the logarithmic and stepwise strategies.  
 
CoreHunter, with the target set to 43 accessions, performed moderately well in 
preservation of variability, as 11 out of 118 alleles (Table 9) were omitted in the core 
collection. All the omitted alleles are rare (private and uncommon). Based on the R2 value, 
we can see that the allelic structure of the collection differs the most form the original 
population among all core collections (Table 11), and heterozygosity also changed the 
most. The increase of heterozygosity can be explained by the parameters we used. The 
number of effective alleles represented half the weight in this core selection process. As 
was explained in the review of literature, the number of effective alleles is reciprocally 
related to expected heterozygosity. Consequently, a higher number of effective alleles 
leads to a higher observed and expected heterozygosity. The structure of the population 
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accounted for the second half of the selection weight: the Cavalli-Sforza and Edwards 
distance. If we imagine genetic distribution like a map in which genetic accessions are 
represented as dots, we can assume that accessions with common alleles are grouped 
together. The sampling strategy based on genetic distance will probably sample only one 
accession from each group of closely related accessions, and sample the remainder of the 
core collection from other, more distant accessions. The new map would look like a set 
of equally distantly dispersed dots. Groups of genetically similar (which translates into 
allelically similar) would disappear. Consequently, the proportions of allele frequencies 
change drastically compared to those of the total set. Generally speaking, the CoreHunter 
core collection captures allele variability moderately well, while the allelic structure is 
significantly different from the total set of accessions. 
 
All three stratified sampling strategies (the G strategy, S strategy and L strategy core 
collections) manage to capture only 63–80% of the allelic variability of the total set of 
accessions.  
 
The logarithmic strategy captures the lowest level of genetic variability. With the L 
strategy, we try to prevent overrepresentation of certain groups from the dendrogram 
because of their size or biased sampling, since some groups could be sampled too often 
due to different frequency of planting or numerous descendent cultivars. While this works 
well for most common alleles and for preserving the representation of the allelic structure, 
it fails to capture a majority of rare alleles. Among all core collections, the L strategy core 
collection’s allelic frequencies are most similar to the total set of accessions. The 
logarithmic strategy was proposed by Brown (1989), and we used the approach as he 
described it. However, it has since become obsolete, as new, more advanced strategies of 
core collection construction have been proposed and improved. Its weakness lies mainly 
in the highly random selection of samples. 
 
The stepwise clustering strategy captures more allelic variability than the L strategy, but 
still loses quite a few rare alleles and a few common ones. The stepwise clustering 
strategy core collection is larger than other core collections (51 accessions, compared to 
43 in most others). Its better performance could be due to its size. To assess this, we also 
observed the core collections obtained with all of the strategies, using modified data that 
excluded private alleles (Table 13). If we draw a parallel between core collections with 
and without private alleles, we can see that the share of the conserved alleles stays roughly 
the same. The number of alleles captured also changes fairly little for the other two 
stratified strategies (the G strategy core collection and the L strategy core collection). Due 
to the changes in data, the S strategy also ends with 43 accessions. This version of the S 
strategy core collection captures more alleles compared to other genetic distance-based 
strategies. Based on this data, we can conclude that a smaller S strategy core collection 
would presumably lose some more alleles, but it would still capture more than the other 
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two stratified core collections. Nevertheless, the S strategy core collection omits some 
common alleles despite its size. Just like the L strategy, the S strategy core collection 
retains a similar allelic structure of the total set of accessions. 
 
The maximal genetic distance strategy core collection captures more allelic variability 
than the L strategy, but still less than the other core collections that we constructed. Again, 
while it mainly lost rare and private alleles, some common ones were also omitted. This 
core collection is particularly interesting because its structure differs strongly from the 
total set (Table 11). The R2 value for all other core collections varies around 0.9, while 
this core collection has a R2 value of 0.83. Also noteworthy is its large gap between the 
expected (0.85) and observed (0.74) heterozygosity (Table 11), with expected 
heterozygosity being the second highest, but observed heterozygosity being the lowest 
among all core collections. While values of other core collections’ expected and observed 
heterozygosity stayed within the standard error, this one varies wildly. This could be 
attributed to the accession removal algorithm. Homozygotes may be perceived as more 
genetically distant compared to heterozygotes. Consequently, the algorithm may favor 
homozygotes over heterozygotes, hence the difference. The G strategy also created the 
most diverse core collection according to the number of effective alleles (Table 11). 
 
All three stratification strategies fall short of the performance of the maximizing strategies 
by a great margin in terms of allele conservation. None of them manages to capture more 
than 90% of allelic variability, and one of them is larger than planned. with the stepwise 
clustering strategy, we chose random selection of accessions from subgroups. Hu et al. 
(2001) proposed an alternative, an allele-preferred method. It could be argued that using 
that approach might improve the results. Zhang et al. (2009) examined the difference in 
results between these two approaches on Malus sieversii by studying 109 apple accessions 
using 8 SSR markers. They created core collections of different sizes, based on random 
and preferred allele sampling approaches of stepwise clustering. The difference between 
strategies was notable, but only for capturing of common alleles: only 10 entries were 
required to capture 95% of the alleles, but to capture the remaining 8 alleles, the core 
collection would need to be expanded by 35–40 entries. This happens because when two 
private alleles are clustered together, one of them will be eliminated in one step of the 
elimination. And this is all the more likely if the share of private alleles is high. Random 
sampling meanwhile, in their study, captured 85% of the alleles in only 10 entries. In our 
case, it still captured only 80% of the alleles with 51 entries. We should note that while 
the average number of alleles per locus was similar (16,15), we do not have any data on 
the frequency of rare and private alleles in their study. We can say that, while 
representation of the population could be improved by using the allele-preferred strategy, 
this would affect the capture of rare alleles much less influenced, and we would still not 
reach the set goals.  
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Parameters that appear to correlate strongly include high level of genetic variability 
conservation and low similarity of the allelic structure between the original and core 
populations. To some extent this can be explained by a high share of rare alleles. A total 
of 41 alleles have a frequency of less than 1% in the total population, of which 15 appear 
only once. Due to the small size of the core collections, alleles occurring once in a core 
collection have a frequency of 1%. This alone causes rare alleles to be overrepresented 
and common alleles to be underrepresented. Sampling strategies that fail to include rare 
alleles, therefore, resemble the original population more closely. We examined the 
influence of private alleles on R2 values by creating core collections where private alleles 
are ignored (Table 13). This confirmed the above stated observation for CoreFinder, 
CoreHunter and to a lesser degree for MSTRAT. The stratification strategies (L strategy, 
S strategy, G strategy) show only minimal improvement. Since the stratification strategies 
struggled to include private alleles in the first place, the lack of improvement comes as 
no surprise. We can also see that strategies that take genetic distance into account in the 
selection of entries (the CoreHunter mixed strategy and maximal distance strategy) 
display a notable increase in heterozygosity and differ more in the allelic structure of the 
population. In the case of the CoreHunter core collection, this is because the selection 
criteria include the number of effective alleles.  
 
The results favor different methods depending on different criteria. CoreFinder, followed 
by MSTRAT and CoreHunter are the best in conservation of allele variability. Out of 
these three core collections, CoreFinder keeps the full allelic variability, and its expected 
Figure 9: Number of shared entries between core collections for the stepwise clustering strategy (1), the 
logarithmic strategy (2), the mixed strategy (3), CoreFinder (4) and MSTRAT (5). 
Slika 9: Število deljenih vnosov med jedrnimi zbirkami za Postopno strategijo (1), Logaritemsko 
strategijo (2), mešano strategijo (3), CoreFinder (4) in MSTRAT (5). 
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heterozygosity is closest to the original population. The MSTRAT core collection keeps 
the allelic structure (R2) very similar to the total set of accessions, and keeps almost all of 
the allelic variability. We must consider the importance of genetic distances before we 
can assess the performance of CoreHunter comprehensively. On the other hand, if we 
compare collections by similarity of the allelic structure to the total set of accessions, the 
S strategy and L strategy core collections provide the best results. The G strategy differs 
the most by almost all standards, and cannot be considered a useful way to construct core 
collections with respect to the parameters we examined. But all three stratifying strategies 
share the same problem of omitting more than 20% of the alleles, all of them missing both 
common and rare alleles. This happens despite an increased size of one of the core 
collections, namely that of the S strategy, which is 15% larger than others.  
 
Conservation of allele variability is strongly related to the inclusion of certain entries. For 
example, the core collections that retain full or almost full genetic variability (CoreFinder 
and MSTRAT) share 22 accessions (Figure 9) (Aakero, Ahosen lakkaomena, Apilisto, 
Cox pamona, Diana, Edelman, Gamla landshovd, Grenman, Jattilainen, Julyred, Katja, 
KuOm, Lea kurki_O47, Lemun talvi, Linnan omena, MA1051, Moision kartano 
pieksamak, Moksy, Paprika, Uralskoje Nalifnoje, Williams, Rakkusamakki). The mixed 
strategy (CoreHunter) collection shares the same amount of accessions with the 
MSTRAT one, but 8 of those (Asikkalan Raikas, Brunnsapple, Discovery, Elamajarvi, 
Golden Delicious, Parkland, Vaasan talvi, Isokartano) are different. This reliance on 
specific entries can be explained with a high rate of private alleles. The maximal genetic 
distance strategy has not been included into the comparison because Venn diagrams of 
more than 5 groups are inconvenient to use, so one core collection had to be omitted. We 
chose the maximal distance strategy, because it resembles original population the least 
(R2, heterozygosity parameter, etc.), and it is second worst at retaining allele variability.  
 
If we simply try to create core collections that capture most SSR allelic variability and 
resemble the allelic structure of the total set of accessions, genetic distances may appear 
to be the worst approach to constructing core collections. In both cases (the mixed strategy 
and the maximal genetic distance strategy), results deviate from the other strategies using 
different approaches. Expected heterozygosity values are higher, compared to the total 
set (Table 11) and they capture less alleles (Table 12). We need to keep in mind that SSR 
markers are not the end goal, but merely a tool of core collection construction. In the 
study of Zhang et al. (2009), the core collection they created contained 125 out of 128 
SSR alleles observed in the initial group. Yet, when the core collection was observed with 
other genetic markers, it managed to capture 99% of the variability. In the study by 
Santesteban et al. (2009), core collection based on SSR data captured 145 SSR alleles out 
of 159, but retained 96% (one enzyme variant was not present out of 31) of the observed 
variability, when the group of isoenzymes was observed. In terms of agro-morphological 
traits, no significant difference to the starting group of accessions was observed. So, 
Raspor A. Analysis of the structure of genetic variability…core collection of apple cultivars from Finnish germplasm. 
    M. Sc. Thesis. Ljubljana, Univ of Ljubljana Biotechnical Faculty., Academic study in Biotechnology, 2017 
42 
 
despite the loss of some SSR allelic variability, molecular and phenotypical properties 
are not generally affected. Favoring measures of genetic distances over the capture of all 
alleles could actually bring some benefits. Theoretically, two very similar accessions 
could be included into a core collection simply because of a point mutation in one SSR 
region. Allelic variation-driven software, like CoreFinder, could be prone to this. This 
could be the case especially in instances of higher shares of private alleles within a studied 
population. CoreFinder will always include accessions containing private alleles, 
regardless of how closely related they are. Meanwhile, genetic distance measures are 
calculated from all alleles of a single accession. When accessions are chosen based on 
genetic distances, the possibility that accessions in the core collection are closely related 
diminishes. Each pair of accessions in a core collection based genetic distances has a high 
chance of having different alleles, or at least a different combination of alleles on multiple 
loci. This is partly confirmed by a high number effective alleles (Table11), indicating 
high diversity within core collections. If we only consider SSR markers, accessions within 
a core collection based on genetic distances are maximally genetically different from each 
other. This does not necessary mean that they are distinctly different phenotypically and 
molecularly, but the likelihood of this should increase.  
 
When we take into account the size of core collections and conservation of allelic 
richness, we can conclude that CoreFinder or MSTRAT (if we include the accession 
containing the missing allele) are the best ways to construct a core collection. Each excels 
over the other in some aspects, but while CoreFinder resembles the original population 
more closely in heterozygosity and MSTRAT in allelic structure, the CoreFinder core 
collection is smaller, so it has a slight edge.  
 
 
5.3 MAINTENANCE AND USE OF CORE COLLECTIONS 
 
Once we have selected the entries for a core collection, we need to decide how the core 
collection will be compiled, maintained and used.  
 
There are two options for the location of core collections, in situ and ex situ (Brown, 
1995). The former, in situ, means a scattered collection where entries of the collection are 
grown wherever they are, and are maintained in their existent location. This has two main 
advantages: it costs nothing to compile the core collection, and it is ready for use. Time 
can be of crucial importance, as breeders who need plant material (pollen, seeds) can have 
immediate access. If a collection is planted anew, it could take up to three years before 
the trees become fully capable of providing the desired resources. And this does not 
include the time to find a suitable place and institutions that will take over the 
maintenance. Moreover, if our entries are already included in existing collections, this 
means there is no need for any additional financing and maintenance. But this approach 
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also has certain downsides. First, if entries are from various different collections, or, as 
in our case, have also been sampled from other sources, the usefulness of the collection 
decreases. Because it is spread across multiple locations, it becomes inaccessible, and 
therefore unattractive for users. In situ core collections are also harder to oversee if 
accessions are scattered across a wide area. Brown (1995) considers this approach 
counterproductive for cultivated plants. 
 
These problems are resolved if we go for an ex situ core collection. This means that all 
plant material is gathered in one place, usually attached to a preexisting germplasm 
collection. Collections at a single location are easier to find, manipulate, observe and 
maintain. The intention is to have a general collection built around a core collection. If 
the core collection is located in one place, this becomes easier. The best way to do this 
would be to attach the core collection to an existing collection, as it would be decrease 
the time and resources needed for installment. Existing means of maintenance would be 
used to also maintain the core collection.  
 
Once the core collection is constructed, we must not neglect its use. It is intended as a 
tool for managing the entire collection (Frankel, 1984), and should be used according to 
its purposes and the strengths it offers. Three main areas of use are proposed: management 
of the main collection (or supporting collection), scientific studies of the general Finnish 
apple populations, and breeding purposes. 
 
The supplementary collection is the main goal of germplasm collecting (Brown, 1989). 
The core collection is mainly intended to offer quick insight into the entire collection, 
providing anyone access to plant material. The supplementary collection is where the rest 
of the diversity is stored. It should include cultivars of economic importance (widely 
spread cultivars, economically important cultivars, cultivars with important desired traits) 
and those of high importance in terms of natural heritage (important native cultivars, 
ancient native cultivars, local endemic cultivars). To keep both collections at a minimum, 
all old entries should be checked for duplicates, and new accessions should be evaluated. 
The core collection should be used as a genetic measuring standard. Accessions that are 
too similar should not be included in the collection to prevent excessive size, making the 
collection impractical. All entries in the core collection should be rigorously examined 
for agro-morphological traits, which should be well documented. This allows making 
predictions about cultivars that are not as well described, based on genetic correlations. 
Well described cultivars with well-known genetic profiles would spread the use of the 
collection well outside the boundaries of the orchard. The potential of any material 
outside documented collections could easily be evaluated by comparing it genetically to 
the core collection. 
 
Considering that there already is an existing apple germplasm collection in Piikkiö and 
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Kaarina (Kinnanen and Antonius, 2006), an ex situ core collection appears to be a more 
favorable option. A multitude of known apple cultivars is already planted there. This 
would lower costs of setting up the core collection, as only the apple varieties not yet 
present would need to be added. While initially, a majority of known apple varieties were 
planted into this collection, some apple varieties that were thought to be lost have been 
found in recent years, but they were left as an in situ collection (Heinonen, 2014). For 
accessions that belong to the core collection and are part of this in situ collection, clones 
should be brought and planted. 
 
The core collection can be of great value for scientific studies of populations. First, it can 
be used for studies of new polymorphic markers. Since the core includes a great variety 
of genetic profiles, it should correctly represent polymorphisms on different loci. 
Similarly, the core collection can be used as a good variable group for any other kind of 
molecular or other research. Use of material from it decreases the chances of distorted 
results due to lack of representation. Furthermore, the core collection can be used to 
search for specific traits (Upadhyaya, 2005), or marker-trait association studies (Wang et 
al., 2011). 
 
The third possible use of the core collection is to offer cultivar breeders easier access to 
genetic diversity. Such diversity in a small group makes it easier to find the desired 
properties and utilize them in crossing. As noted before, good documentation and 
description of properties, in addition to a well-organized supplementary collection, is 
necessary for a core collection to be really useful for breeders. Data about the contents 
and properties of the core collection should be cataloged and made publicly available in 
a way that will increase the interest and understanding of the public about the whole 
project.  
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6 SUMMARY (POVZETEK) 
 
6.1 SUMMARY 
 
In this study, we analyzed Finnish apple varieties with the aim of constructing a core 
collection. We screened 704 apple accessions from all over the Finland using 7 SSR 
markers. In the analysis, we studied 434 unique apple accessions. Because of the size of 
the group, we managed to capture a high rate of allelic variability compared to similar 
studies of European apple varieties. Much of this allelic variability is made up of private 
and rare alleles. Expected and observed heterozygosity match well, implying a relatively 
unrestricted gene flow within the group. Genetic diversity of Finnish apple varieties is 
considered average with respect to other studies of European apple populations.  
 
Based on SSR genetic data, we constructed a core collection. Six different methods were 
applied and compared. The goal was to construct a core collection that will capture the 
full genetic variability in 10% of all entries. Additional parameters were representation 
of the allelic structure and the diversity of the original group. Out of the six different 
approaches, maximizing strategies performed best with respect to conserving allele 
richness. Only the core collection constructed with CoreFinder fulfilled both primary 
goals. Although MSTRAT failed to capture the entire allelic richness, only one allele was 
lost and it captured more diversity within the core collection. Stratifying strategies 
captured only 65–80% of the allelic variability. The logarithmic and stepwise strategies 
recreated core collections that were most similar to the original group of accessions, while 
the maximal genetic distance strategy differed from it the most. A mixed approach failed 
to capture all the genetic variability, but did not lose any common alleles and had the 
greatest diversity among core collections. Aside from the logarithmic strategy, which 
performed the worst in most of the parameters and can be concluded to be obsolete at this 
point, each core collection has its advantages and downsides. Due to the small size of the 
collection and complete allelic variability retrieval, we consider Core Finder the best 
approach to creating core collections. 
 
We also proposed a strategy for implementing the core collection. The best approach 
would be an ex situ core collection, planted alongside an already existing germplasm 
collection. The core collection would be developed and maintained alongside the 
supporting collection. This approach should make conservation, study and use of Finnish 
apple cultivars both appealing to the general public and economically viable. 
  
Raspor A. Analysis of the structure of genetic variability…core collection of apple cultivars from Finnish germplasm. 
    M. Sc. Thesis. Ljubljana, Univ of Ljubljana Biotechnical Faculty., Academic study in Biotechnology, 2017 
46 
 
6.2 POVZETEK 
 
Jablana je pomembna kulturna rastlina iz družine rosaceae. Njeni divji predniki izhajajo 
iz osrednje Aziji. Ljudje so jablano postopoma razširili in danes uspeva na vseh naseljenih 
kontinentih sveta. Jablana predstavlja pomembno kulturno rastlino in je tretja 
najpogosteje pridelovalna sadna vrsta na svetu. V naši študiji smo se osredotočili na sorte 
jablan na Finskem, saj zaradi severne lege predstavljajo potencialno bogat vir naravne 
raznolikosti. Jablana je bila na Finsko prinesena v štirinajstem stoletju, vendar so njeno 
uveljavitev močno ovirale neugodne klimatske razmere. Predvsem mrzle zime so pogosto 
povzročile veliko škodo in uničile velike deleže nasadov. Sčasoma so s sajenjem na mraz 
prilagojenih sort in njihovim križanjem dobili nabor novih sort, prilagojenih na lokalne 
razmere. Prvi popisi sort jablan na Finskem so nastali v začetku dvajsetega stoletja. Na 
podlagi teh zapisov je v drugi polovici dvajsetega stoletja nastala genetska zbirka. Konec 
osemdesetih let je iz tega projekta nastala pobuda za pridobitev novih sort s križanjem 
avtohtonih. 
 
V sodobnem času se jablana, tako kot druge kulturne rastline, sooča s problemom 
izginjanja starih lokalnih sort. Da bi ohranili naravno raznolikost teh sort, so bile 
osnovane zbirke rastlinskega materiala. Na ta način se poskuša zajeziti izginjanje in 
omogočiti ponovno razširitev starih lokalnih sort, ki potencialno vsebujejo redke in 
gospodarsko zanimive lastnosti. Zbiranje genetskega materiala znotraj genetskih zbirk je 
sčasoma privedlo do velikega obsega in posledično problemov z vzdrževanjem teh zbirk. 
Genetske zbirke jablan morajo biti, za razliko od genetskih zbirk enoletnih rastlin, ki se 
jih hrani v obliki semen, za uporabno in trajnostno oskrbo obstajati v obliki nasada. Velike 
genetske zbirke so postale drage in neobvladljive, zato se je pojavila potreba po zgoščeni 
obliki, ki bi omogočala lahek dostop do raznolikosti znotraj zbirke. Kot odgovor na to 
potrebo je bil predlagan koncept jedrne zbirke. Jedrna zbirka naj bi bil del celotne zbirke, 
znotraj katere bi bili zbrani ključni predstavniki, ki predstavljajo največjo možno 
raznolikost določene populacije. Jedrna zbirka naj bi predstavljala vstopno točko celotne 
zbirke, okoli katere bi nato razvijali celoto. V začetku so bile jedrne zbirke osnovane na 
podlagi fenotipskih lastnosti, danes pa je prevladujoč način izbora jedrne zbirke na 
podlagi genetske raznolikosti. Za analizo genetske raznolikosti se največ uporabljajo 
mikrosatelitski genetski označevalci. 
 
Mikrosatelitski označevalci so deli genetskega zapisa na poznanih delih genoma, pri 
katerih se pojavljajo tandemske ponovitve določenega zaporedja baznih parov. Ti vzorci 
so lahko različno dolgi in imajo različno število ponovitev. Zaradi lastnosti teh ponovitev 
so mikrosateliti pogosto hipervariabilni, kar pomeni, da imamo na enem lokusu znotraj 
populacije precej več različic genetskega zapisa kot pri preostalem genetskem materialu. 
Zaradi te lastnosti so genetski označevalci zelo primerni za ugotavljanje sorodnosti. V 
večini primerov ta mikrosatelitna DNK ne kodira beljakovinskih zaporedij, vendar ima 
lahko vpliv na izražanje in regulacijo drugih genov. Računalniške simulacije kažejo, da 
je raznolikost nekaterih funkcionalnih genov v veliki meri povezana z raznolikostjo 
mikrosatelitne DNK. Zaradi poceni in enostavne narave analiz je njihova uporaba široko 
razširjena v študijah populacij. 
 
Mikrosatelitski označevalci, imenovani tudi SSR (short sequence repeat), so uporabljeni 
v več študijah evropskih populacij jabolk. SSR označevalci so se izkazali za zanesljive 
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pri ugotavljanju sorodstvenih odnosov med vzorci, pri čemer so bile izračunane 
sorodstvene povezave potrjene s poprej dokumentirano zgodovino križanj in izvorov. Za 
primerljivost študij je bil tudi predlagan standarden nabor SSR genetskih označevalcev 
za evropske populacije jablan. V Evropi je bilo izvedenih več študij, v katerih so 
opazovali genetsko raznolikost ali sorodnost sort znotraj držav ali pokrajin. Med njimi pa 
izstopa študija, v kateri so analizirali sorodnost med evropskimi populacijami na območju 
skorajda cele Evrope z izjemo Balkana in vzhodne Evrope. 
 
Zaradi zanesljivosti pri razločevanju med vzorci so SSR označevalci pogosto vključeni 
tudi pri oblikovanju jedrnih zbirk. Zasnovani so bili različni pristopi za izbor posameznih 
vnosov v zbirko, ki se med seboj razlikujejo po stopnji občutljivosti in metodah. Splošno 
jih lahko razdelimo v dve veliki skupini. Prvo skupino predstavlja maksimizirajoča 
strategija, pri kateri je glavni cilj zajetje vseh alelnih variant znotraj jedrne skupine. 
Zasnovana je na podlogi računalniških analiz, ki so pokazale, da če opazujemo dovolj 
SSR označevalcev z visoko variabilnostjo in nato zajamemo vse njihove alelne variante, 
zajamemo tudi večino funkcionalne raznovrstnosti. Drugi pristop je zasnovan na osnovi 
izračunanih genetskih razdalj. Na podlagi teh praviloma naredimo dendrogram, s katerim 
nato izberemo čim manj sorodne kandidate za jedrno zbirko. Metode selekcije se tu 
razlikujejo glede na mero genetske sorodnosti, pripravo dendrograma in pristope za 
Izločitev oziroma izbiro kandidatnih primerkov. Ideja tega pristopa je, da so si genetsko 
nesorodni primeki med sabo tudi fenotipsko različni. Z izbiranjem čim bolj nesorodnih 
primekov bi tako morali pokriti tudi celotno fenotipsko raznovrstnost. 
 
V naši študij smo pripravili jedrno zbirko, ki bo predstavljala genetsko raznovrstnost sort 
jablan znotraj Finske. Zbrali smo 704 kandidatnih primekov finskih jablan iz javnih zbirk 
in zasebnih nasadov. 189 vzorcev je bilo sveže vzorčenih po celotni Finski, medtem ko 
smo imeli za ostalih 515 kandidatnih primerkov podatke SSR označevalcev iz rezultatov 
predhodnih študij. Iz novih vzorcev smo izolirali DNK, iz katere smo nato s postopkom 
PCR pridobili podatke o SSR označevalcih. V študiji smo uporabili 10 SSR označevalcev, 
predlaganih kot enoten nabor za analizo evropskih jablan. Od tega smo dobili kakovostne 
SSR pomnožke pri 7 SSR označevalcih, medtem ko za preostale tri nismo dobili 
nedvoumne informacije in so bili izključeni iz nadaljnje raziskave. Od 704 kandidatnih 
vzorcev je po eliminaciji duplikatov in vzorcev s premalo genetskimi podatki ostalo 434 
edinstvenih kandidatov. Vsi nadaljnji rezultati se nanašajo na to skupino. 
 
Iz pridobljenih informacij o frekvencah mikrosatelitnih alelov smo izračunali parametre 
genetske raznolikosti. Merili smo jo s parametrom heterozigotnosti in praktičnega števila 
alelov. Primerjava dejanske in pričakovane heterozigotnosti nam je pokazala veliko mero 
ujemanja. To kaže na neoviran pretok genov znotraj skupine. Praktično število alelov, ki 
omogoča primerjavo raznovrstnosti med raziskavami, je pokazalo, da je sama 
raznovrstnost podobna povprečju raznovrstnosti drugih študij evropskih populacij. Torej 
kljub krajši dobi gojenja jablan na Finskem ta skupina ni nič manj raznolika. V študiji 
smo opazili visoko variabilnost alelnih variant, vendar je to povezano z velikim številom 
analiziranih kandidatov, zaradi katerega smo namreč lahko zaznali redke alelne variante. 
 
Pri sestavi jedrne zbirke smo preizkusili več pristopov na osnovi SSR označevalev. Izmed 
strategij na osnovi genetskih razdalj smo uporabili tri pristope. Cilj je bil, da jedrna 
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skupina ne bi vsebovala več kot 10% genotipov celotne zbirke, torej 43 kandidatov od 
434 unikatnih genotipov. 
 
Prvi pristop predstavlja logaritemsko strategijo (L-strategija), ki je bila ena prvih 
predlaganih strategij sestave jedrne zbirke. Vzorce smo razdelili v podskupine na podlagi 
dendrograma na osnovi Wardove genetske razdalje. Iz vsake podskupine smo nato v 
jedrno zbirko vzeli število vzorcev, ki je ustrezalo logaritmu števila vseh vzorcev v tej 
skupini. Vzorci so bili iz teh podskupin vzeti naključno. Tako dobljena jedrna zbirka je 
bila sestavljena iz 43 vzorcev od 434. Jedrna zbirka je uspela zbrati le 60% alelne 
variabilnosti, pri čemer so bili nekateri aleli, ki niso prisotni v jedrni zbirki, pogosti 
znotraj celotne skupine vzorcev. Tudi praktično število alelov je upadlo v primerjavi z 
originalno populacijo. 
 
Strategija postopnega vzorčenja (S-strategija) temelji na postopnem odstranjevanju 
vzorcev, dokler ne dosežemo želene velikosti jedrne zbirke. Vzorci so odstranjeni na 
podlagi razvrščenosti v skupine v dendrogramu. Na podlagi dendrograma tvorimo 
podskupine, pri čemer so podskupine sestavljene iz dveh vzorcev na najnižji razvejitvi 
drevesa sorodnosti. Vzorci, ki so razvejeni v osamljene odvejitve na višji ravni tvorijo 
samostojne podskupine. Iz podskupin z dvema vzorcema nato na podlagi naključnega 
izbora enega izločimo. Ko vse podskupine sestavlja po en vzorec, preostale vzorce 
ponovno razporedimo v nov dendrogram in korake ponovimo. Ta jedrna zbirka je dosegla 
velikost 51 vzorcev in ji je uspelo obdržati 70% alelne variabilnosti začetne skupine. V 
drugih parametrih se je v veliki meri ujemala z originalno skupino. 
 
Strategija maksimalne genetske razdalje (G-strategija) temelji na programu DARwin. 
Jedrno skupino podobno kot pri S-strategiji dobimo z odstranjevanjem vzorcev, vendar 
je pristop nekoliko drugačen. Program obravnava dendrogram sorodnosti in izbere par 
vzorcev s najmanjšo izračunano genetsko razdaljo. Ta dva vzorca nato program primerja 
z drugimi vzorci in izloči tistega, ki je genetsko bližji preostalim vzorcem. Ta korak nato 
ponavlja, dokler ne doseže števila, ki ga določi uporabnik. V našem primeru je bilo to 43 
vzorcev oz. 10% osnovne zbirke. Jedrna zbirka na osnovi G-strategije je uspela zbrati 
80% alelne variabilnosti, pri čemer so bili vsi izgubljeni aleli razen enega redki ali 
zasebni. Ta jedrna zbirka je imela višjo heterozigotnost in večje praktično število alelov 
od originalne skupine. Porazdelitev frekvenc posameznih alelov se je tudi močno 
spremenila v primerjavi z izvorno skupino. 
 
Maksimizirajočo strategijo smo uporabili na dveh jedrnih zbirkah, sestavljenih na osnovi 
dveh programov. 
 
Prva je bila jedrna zbirka, narejena s programom MSTRAT. Ta jedrno zbirko sestavi tako, 
da naključno izbere želeno število vzorcev, nato pa začne primerjalno nadomeščati vzorce 
glede na njihove parametre. Vzorci so ocenjeni glede na redkost alelnih variant. 
MSTRAT je sestavil jedrno zbirko iz 43 vzorcev, ki so uspeli pokriti celotno alelno 
raznolikost z izjemo enega privatnega alela. Heterozigotnost in praktično število alelov 
sta se nekoliko povišala glede na originalno skupino vzorcev, pri drugih parametrih pa ni 
bilo velikih odstopanj. 
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Druga je jedrna zbirka, narejena s programom CoreFinder, katerega algoritem se poleg 
alelov osredotoča še na velikost jedrne zbirke. Ta program je sestavil jedrno zbirko, ki 
pokriva vse alele s 37 vzorci. Drugi parametri genetske raznolikosti se v veliki meri 
ujemajo z začetno skupino.  
 
Nazadnje smo preizkusili še mešan pristop dveh strategij s programom CoreHunter. Ta 
omogoča, da se selekcija kandidatnih primerkov v jedrno zbirko vrši s hkratnim 
ocenjevanjem primerkov glede na njihovo genetsko razdaljo in njihovo alelno 
variabilnost. Vsak od teh dveh parametrov se ovrednoti, vrednosti se združijo in 
posameznemu primerku se pripiše dobljena vrednost. Na podlagi teh vrednosti so nato 
izbrani kandidati v jedrno zbirko. Tudi ta jedrna zbirka je vsebovala 43 primerkov in je 
uspela zajeti 90% alelne variabilnosti začetne skupine, pri čemer so bili vsi izgubljeni 
aleli redki ali privatni. V drugih parametrih genetske raznolikosti in sestave populacije pa 
je ta zbirka vidno odstopala od začetne skupine. Jedrna zbirka CoreHunter pa je dosegla 
najvišjo raznolikost, če zbirke primerjamo po praktičnem številu alelov. 
 
Da smo ocenili vpliv redkih in zasebnih alelov na sestavo jedrne zbirke smo sestavili tudi 
variacije vseh zbirk, pri katerih smo izbrisali podatke za zasebne alele. Rezultati so 
pokazali, da se parametri spremenijo le minimalno, razen pri programu CoreFinder, ki 
zmanjša velikost jedrne zbirke za 10 kandidatov. 
 
Ker imajo vse jedrne zbirke svoje prednosti in pomanjkljivosti, nobena ni bila boljša v 
vseh parametrih. Ker smo kot prioriteto zastavili cilj, da jedrna zbirka ohrani vso alelno 
variabilnost, je temu opisu edina ustrezala jedrna zbirka, narejena s programom 
CoreFinder, pri čemer je bila tudi jedrna zbirka MSTRAT izredno blizu zastavljenemu 
cilju. Jedrna zbirka CoreFinder pa je imela še prednost manjšega števila vključenih enot.  
 
Za realizacijo jedrne zbirke predlagamo ex situ obliko jedrne zbirke. Pri jedrnih zbirkah 
ex situ so vsi vzorci zbrani na enem mestu, v obliki enovitega nasada. V našem primeru 
bi bila lahko zasajena na področju že obstoječe zbirke jablan. Tako bi privarčevali pri 
stroških in času do polne funkcionalnosti jedrne zbirke.   
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APPENDIX A 
 
Sample codes, sampling names, locations and information about possible variety 
identification. 
Kode vzorcev, imena vzorcev, lokacije vzorčenja in informacije o verjetnih sortah 
vzorcev 
 
Sample code Sample name Location Possible variety 
1-2015 Tammisaari Kaarina Tammisaari 
2-2015 Louhisaari 1 Masku Åkero 
3-2015 Louhisaari 2 Masku   
4-2015 Louhisaari 3 Masku Åkero? 
5-2015 Louhisaari 4 Masku Antonovka 
6-2015 Louhisaari 5 Masku   
7-2015 Louhisaari 6 Masku Åkero 
8-2015 Louhisaari 7 Masku Punakaneli 
9-2015 Louhisaari 8 Masku Åkero 
10-2015 Louhisaari 9 Masku Åkero 
11-2015 Louhisaari 10 Masku   
12-2015 Louhisaari 11 Masku   
13-2015 Louhisaari 12 Masku keltakaneli? 
14-2015 Mustiala 1 Tammela   
15-2015 Mustiala 2 Tammela   
16-2015 Mustiala 20 Tammela Mustialan valkoinen 
17-2015 Mustiala 22 Tammela   
18-2015 Mustiala 23 Tammela  Siperia (Toljat) 
19-2015 Mustiala 25 Tammela Aleksanteri (From seed) 
20-2015 Mustiala 64 Tammela   
21-2015 Mustiala 65 Tammela   
22-2015 Mustiala 66 Tammela   
23-2015 Mustiala 70 Tammela   
24-2015 Mustiala 74 Tammela Sariola 
25-2015 Mustiala 77 Tammela   
26-2015 Mustiala 79 Tammela   
27-2015 Mustiala 80 Tammela   
28-2015 Mustiala 81 Tammela   
29-2015 Mustiala 82 Tammela   
30-2015 Mustiala 83 Tammela   
31-2015 Mustiala 84 Tammela   
32-2015 Mustiala 85 Tammela   
33-2015 Mustiala 92 Tammela   
34-2015 Mustiala 93 Tammela   
35-2015 Mustiala 94 Tammela   
36-2015 Mustiala 95 Tammela   
37-2015 Mustiala 97 Tammela   
38-2015 Mustiala 98 Tammela   
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Sample code Sample name Location Possible variety 
39-2015 Mustiala 104 Tammela   
40-2015 Mustiala 105 Tammela   
41-2015 Mustiala 106 Tammela   
42-2015 Mustiala 108 Tammela   
43-2015 Mustiala 109 Tammela   
44-2015 Mustiala 110 Tammela   
45-2015 Mustiala 113 Tammela   
46-2015 Mustiala 114 Tammela   
47-2015 Mustiala 115 a Tammela   
48-2015 Mustiala 115 b Tammela   
49-2015 Mustiala 116 Tammela   
50-2015 Mustiala 117 Tammela   
51-2015 Mustiala 34 Tammela   
52-2015 Mustiala 35 Tammela   
53-2015 Mustiala 36 Tammela   
54-2015 Mustiala 36 a Tammela   
55-2015 Mustiala 36 b Tammela   
56-2015 Mustiala 36 c Tammela   
57-2015 Mustiala 37 Tammela   
58-2015 Mustiala 38 Tammela   
59-2015 Mustiala 38 a Tammela   
60-2015 Mustiala 39 Tammela   
61-2015 Mustiala 40 Tammela   
62-2015 Mustiala 41 Tammela   
63-2015 Mustiala 51 Tammela   
64-2015 Mustiala 51 (2) Tammela   
65-2015 Mustiala 50 Tammela   
66-2015 Mustiala 52 Tammela   
67-2015 Mustiala 52 a Tammela   
68-2015 Mustiala 53 Tammela   
69-2015 Mustiala 54 Tammela   
70-2015 Mustiala 54 a Tammela   
71-2015 Mustiala 55 Tammela   
72-2015 Mustiala 55 a Tammela   
73-2015 Mustiala 55 b Tammela   
74-2015 Mustiala 56 Tammela   
75-2015 Mustiala 56 b Tammela   
76-2015 Mustiala 56 c Tammela   
77-2015 Mustiala 56 d Tammela   
78-2015 Mustiala 56 e Tammela   
79-2015 Mustiala 57 Tammela   
80-2015 Mustiala 44 Tammela   
81-2015 Mustiala 45 Tammela   
82-2015 Mustiala 45 a Tammela   
83-2015 Mustiala 45 b Tammela   
84-2015 Mustiala 45 c Tammela   
Raspor A. Analysis of the structure of genetic variability…core collection of apple cultivars from Finnish germplasm. 
    M. Sc. Thesis. Ljubljana, Univ of Ljubljana Biotechnical Faculty., Academic study in Biotechnology, 2017 
 
Sample code Sample name Location Possible variety 
85-2015 Mustiala 45 d Tammela   
86-2015 Mustiala 45 e (haara 1) Tammela   
87-2015 Mustiala 45 e (haara 2) Tammela   
88-2015 Mustiala 45 e (haara 3) Tammela   
89-2015 Mustiala 45 f Tammela   
90-2015 Mustiala 45 g Tammela   
91-2015 Mustiala 58 Tammela   
92-2015 Mustiala 59 Tammela   
93-2015 Mustiala 59 a Tammela   
94-2015 Turso puu nro 1 Kangasala Turso 
95-2015 Turso puu nro 2 Kangasala Turso 
96-2015 Turso puu nro 3 Kangasala Turso 
97-2015 Kangasalan Talvi Kangasala   
98-2015 Turso 4 Akaa Turso 
99-2015 Turso (vanha Turso) Akaa Turso 
100-2015 Elina Tyrnävä Elina 
101-2015 Minna Canth Korpilahti Minna Canth 
102-2015 Oranic Korpilahti Oranic 
103-2015 Rakkausmäki puu 119 Mustiala   
104-2015 Rakkausmäki puu 121 Mustiala   
105-2015 Rakkausmäki puu 123 Mustiala   
106-2015 Rakkausmäki puu 128 Mustiala   
107-2015 Koivula puu 131 Koivula   
108-2015 Koivula puu 132 Koivula   
109-2015 Koivula puu 133 Koivula   
110-2015 Koivula puu 134 Koivula   
111-2015 Koivula puu 135 Koivula   
112-2015 Koivula puu 136 Koivula   
113-2015 Helin 137 Helin   
114-2015 Helin 138 Helin   
115-2015 Helin 139 Helin   
116-2015 Pessi 156 Mustiala   
117-2015 Turso Laurila Turso 
118-2015 Piispan Omena Hirvensalmi Piispan Omena 
119-2015 Piispan Omena Hirvensalmi Piispan Omena 
120-2015 Viikari Sauvo   
121-2015 Valkealan Syys Tammela   
122-2015 Penttilä 162 Tammela   
123-2015 Penttilä 163 Tammela   
124-2015 Penttilä 164 Tammela   
125-2015 Penttilä 165 Tammela   
126-2015 Penttilä 166 Tammela   
127-2015 Penttilä 167 Tammela   
128-2015 Penttilä 168 Tammela   
129-2015 Penttilä 169 Tammela   
130-2015 Penttilä 170 Tammela   
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Sample code Sample name Location Possible variety 
131-2015 Penttilä 171 Tammela   
132-2015 Tuomola 172 Tammela   
133-2015 Viikari, pihapuu Akaa Viikari 
134-2015 Viikari, tarha Akaa Viikari 
135-2015 Waldemar Akaa Waldemar 
136-2015 Piispa Akaa Piispan omena 
137-2015 Alina Akaa Alina 
138-2015 Jumalan mieliharmi Akaa Jumalan mieliharmi 
139-2015 Sanni Akaa Sanni 
140-2015 Jalmari Akaa Jalmari 
141-2015 R141 Mustiala   
142-2015 R142   Turso 
143-2015 R143 Kempele   
144-2015 Kirkniemen talvi Ristinummi Kirkniemen talvi 
145-2015 Lavia Ristinummi Lavia 
146-2015 Johanna Jyväskylä   
147-2015 Viki-omenapuu, emopuu Oulu   
148-2015 R148 Pöytyä   
149-2015 R149 Pöytyä   
150-2015 R150 Ypäjä   
151-2015 Myrskylän helmi Myrskylä   
152-2015 Aino-omena, emopuu Laaja Aino 
153-2015 Seija Niemi Myrskylä   
154-2015 Ryssän omena Eevonen   
155-2015 Kinttulan herkku Artjärvi   
156-2015 Kinttula (haara) Artjärvi   
157-2015 Kinttula, 
etelänpuoleinen haara 
Eevonen   
158-2015 Pohjoisenpuoleinen Eevonen   
159-2015 Antonovka Luke/Piikkiö 
collection 
Antonovka 
160-2015 Grenman Luke/Piikkiö 
collection 
Grenman 
161-2015 Gyllenkrokin Astrakaani Luke/Piikkiö 
collection 
Gyllenkrokin Astrakaani 
162-2015 Juuso Luke/Piikkiö 
collection 
Juuso 
163-2015 Kaikuvuori Luke/Piikkiö 
collection 
Kaikuvuori 
164-2015 Lantun Talvi Luke/Piikkiö 
collection 
Lantun Talvi 
165-2015 Norland Luke/Piikkiö 
collection 
Norland 
166-2015 Pohjolan Ruusu Luke/Piikkiö 
collection 
Pohjolan Ruusu 
167-2015 Snygg Luke/Piikkiö  Snygg 
168-2015 Kankainen Masku   
169-2015 Pirkko, taimi Hirvensalmi   
170-2015 Pirkko, puu Hirvensalmi   
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Sample code Sample name Location Possible variety 
171-2015 Hannulan talvi Rymättylä   
172-2015 Tammisaari Tammisaari   
173-2015 Paimion pappila  Paimio Virin vaalea 
174-2015 omena no:1   Kemiö Viikari 
175-2015 Ökna Lökäpple  Turku Ökna Lökäpple 
176-2015 Perintötalon nurkkapuu Piikkiö   
177-2015 Vesilahden vaalea Piikkiö Vesilahden vaalea 
178-2015 Reuman punainen Heinola   
179-2015 Osmolan talvi Yläne Osmolan talvi 
180-2015 Mustialan valkea Piikkiö Mustialan valkea 
181-2015 Padasjoen talvi Helsinki Padasjoen talvi 
182-2015 Isokartano 1 Kaarina   
183-2015 Isokartano 2 Kaarina   
184-2015 Isokartano 3 Kaarina astragan type 
185-2015 Isokartano 4 Kaarina   
186-2015 Tiaisen tienhaarassa 
vanha puu 
Mustiala   
187-2015 Maxwell Vantaa   
188-2015 Sipsalo Tammisaari   
189-2015 Oton omena Tammisaari Oton omena 
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APPENDIX B 
 
Genetic profiles of accessions. Appendix B 1 lists accessions from older studies, while Appendix 
B 2 gives the accessions that were genotyped in this study. 
Genetski profili vzorcev. V Dodatku B 1 so podani vzorci iz prejšnjih študij, v Dodatku B 2 pa 
vzorci, pridobljeni za to študijo. 
 
APPENDIX B 1 
 
Accessions / Loci Ch01H02 CH02c06 Ch02C09 Ch02c11 Ch02d08 CH04e05 COL 
kerppolan kesa B9_O37 246 : 246 254 : 256 0 : 0 217 : 219 225 : 227 199 : 199 0 : 0 
louhisaaren ananas B9_O38 242 : 246 219 : 256 250 : 259 217 : 217 214 : 214 175 : 191 231 : 242 
luotsi B9_O39 238 : 238 232 : 254 234 : 246 225 : 225 220 : 227 210 : 210 221 : 231 
osmolan syys B9_O40 238 : 250 232 : 256 250 : 250 225 : 229 208 : 258 175 : 183 221 : 242 
sortavalan imela B9_O41 250 : 258 238 : 256 240 : 246 219 : 225 220 : 220 224 : 224 221 : 231 
julyred_O42 250 : 250 254 : 254 244 : 244 231 : 239 218 : 258 175 : 230 233 : 240 
Ma 35_O43 238 : 238 256 : 271 240 : 240 225 : 235 208 : 214 224 : 226 221 : 231 
Ma 93_O44 238 : 250 234 : 234 237 : 257 217 : 217 0 : 0 175 : 224 221 : 233 
kirkniemen talvi 2009_O45 250 : 250 219 : 234 242 : 259 217 : 217 214 : 214 175 : 210 233 : 242 
erkki rahkonen_O46 0 : 0 219 : 256 240 : 259 225 : 235 220 : 258 0 : 0 231 : 231 
lea kurki_O47 238 : 238 219 : 248 234 : 242 217 : 235 208 : 214 175 : 216 233 : 233 
louhuisaaren ananas 2011_O48 242 : 246 219 : 256 250 : 259 217 : 217 0 : 0 175 : 175 231 : 242 
cox pamona_O49 246 : 250 246 : 256 240 : 259 225 : 235 220 : 258 175 : 199 231 : 252 
maglemer_O50 238 : 250 246 : 258 250 : 257 217 : 235 258 : 258 175 : 207 233 : 233 
signe tillish_O51 238 : 238 219 : 256 234 : 240 221 : 229 214 : 220 175 : 199 205 : 221 
brunnsapple_O52 246 : 250 252 : 254 234 : 254 217 : 217 214 : 220 175 : 207 221 : 231 
margunof_O53 238 : 250 219 : 256 242 : 250 217 : 217 214 : 231 175 : 210 233 : 242 
eva-lotta_O54 250 : 250 242 : 256 234 : 250 235 : 239 231 : 258 222 : 222 231 : 240 
tammisaari_O55 238 : 238 254 : 256 246 : 246 217 : 225 208 : 214 175 : 175 221 : 221 
kaniker_O56 238 : 258 219 : 246 246 : 257 217 : 217 220 : 248 210 : 224 231 : 242 
aleksanteri YP 2011_O58 238 : 248 219 : 256 246 : 257 217 : 239 206 : 214 175 : 183 221 : 231 
jattimelba_O59 238 : 248 232 : 266 240 : 250 217 : 235 206 : 214 175 : 210 233 : 240 
petteri_O60 238 : 238 256 : 271 234 : 257 225 : 231 218 : 231 183 : 183 233 : 240 
tobias_O61 238 : 250 232 : 271 240 : 257 231 : 235 218 : 258 183 : 224 221 : 233 
talvikaneli_O62 248 : 250 232 : 266 240 : 240 217 : 229 214 : 231 175 : 175 221 : 240 
Eliakselan nauris_O63 238 : 248 232 : 232 246 : 250 217 : 237 214 : 258 175 : 199 242 : 242 
Suomen suurin_O64 246 : 250 219 : 232 240 : 246 215 : 225 220 : 258 175 : 199 231 : 231 
Kenttamies_O65 238 : 250 219 : 266 244 : 246 217 : 225 214 : 248 226 : 228 231 : 231 
Hava_O66 238 : 238 209 : 219 240 : 246 239 : 239 214 : 258 175 : 210 231 : 242 
Anna-Maija_O67 242 : 258 209 : 232 240 : 246 217 : 239 218 : 258 175 : 175 219 : 231 
Rautell_O68 238 : 238 256 : 256 240 : 246 217 : 219 216 : 258 175 : 175 205 : 233 
Paasikiven talvi_O69 238 : 250 234 : 254 246 : 257 219 : 237 218 : 227 175 : 175 205 : 242 
Mantsalan valo_O70 0 : 0 0 : 0 0 : 0 0 : 0 0 : 0 0 : 0 0 : 0 
Ammansaari_O71 238 : 238 246 : 256 246 : 257 217 : 239 225 : 248 210 : 224 221 : 231 
Ahosen lakkaomena_O72 238 : 238 256 : 262 240 : 244 215 : 219 214 : 218 224 : 228 231 : 240 
punainen vanha lajike 
Paraisilta_O73 
250 : 250 232 : 260 234 : 259 231 : 235 214 : 231 210 : 210 231 : 240 
Isoveljen -bigbrother_O74 238 : 242 232 : 232 0 : 0 219 : 225 227 : 258 175 : 212 223 : 231 
Raavelin paarynaomena_O75 242 : 246 219 : 256 250 : 259 217 : 217 214 : 214 175 : 175 231 : 242 
Mon Ami_O76 238 : 238 232 : 266 234 : 257 217 : 225 218 : 258 175 : 175 221 : 242 
Valkoinen omena/Farfars vita_O77 238 : 248 232 : 234 250 : 257 217 : 219 225 : 227 175 : 203 231 : 231 
Paprikaomena_O78 238 : 250 246 : 266 257 : 257 217 : 217 208 : 214 210 : 222 221 : 233 
Jagerhorn_O79 242 : 250 236 : 254 246 : 250 217 : 219 214 : 258 175 : 199 242 : 242 
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Accessions / Loci Ch01H02 CH02c06 Ch02C09 Ch02c11 Ch02d08 CH04e05 COL 
Kesaherkku -
Sommardelikatess_O80 
238 : 250 246 : 266 257 : 257 217 : 217 208 : 214 210 : 222 221 : 233 
Viurilan ananas_Viurila_O81 238 : 242 204 : 254 250 : 257 217 : 219 214 : 227 175 : 205 231 : 242 
Valkea Gylling_O82 238 : 238 232 : 236 246 : 257 217 : 219 227 : 258 175 : 224 240 : 242 
Bjorn Lindberg_O83 238 : 238 256 : 256 237 : 240 219 : 239 225 : 258 175 : 224 231 : 231 
Gerbyn aikainen_O84 238 : 242 219 : 287 240 : 250 217 : 217 214 : 214 199 : 224 231 : 231 
Ranta-ahon herkku_O85 238 : 238 248 : 266 257 : 257 217 : 235 214 : 258 175 : 199 231 : 233 
Jalmarin omena_O86 238 : 250 219 : 256 246 : 250 225 : 225 220 : 248 175 : 224 231 : 233 
Gustavs basta_ 238 : 250 242 : 254 246 : 250 219 : 219 227 : 231 175 : 205 231 : 242 
Jalkaranta_O88 238 : 258 209 : 232 240 : 244 217 : 225 258 : 258 203 : 224 223 : 231 
Osmolan talvi_O89 250 : 258 0 : 0 240 : 250 0 : 0 248 : 258 224 : 228 0 : 0 
Vaasan talvi _Lepaa_O90 238 : 258 246 : 246 240 : 257 217 : 217 214 : 218 175 : 210 225 : 242 
vaha-jusola kuivalahti_O91 238 : 238 256 : 271 234 : 244 215 : 217 218 : 227 228 : 228 240 : 242 
ola_O92 250 : 250 219 : 256 234 : 259 229 : 235 214 : 231 203 : 203 231 : 240 
virmula 1_O93 238 : 244 219 : 254 234 : 257 217 : 237 214 : 248 175 : 224 221 : 242 
virmula 2_O94 238 : 244 219 : 254 234 : 257 217 : 237 214 : 248 175 : 224 221 : 242 
virmula 3_O95 0 : 0 0 : 0 0 : 0 0 : 0 0 : 0 0 : 0 0 : 0 
virmula 4_ 238 : 238 219 : 256 240 : 257 215 : 239 225 : 227 175 : 228 231 : 242 
KuOm_9_O97 242 : 250 219 : 256 246 : 257 217 : 0 214 : 252 175 : 210 221 : 233 
KuOm_42_O98 238 : 238 219 : 256 234 : 246 219 : 231 216 : 252 175 : 199 214 : 250 
KuOm_43_O99 250 : 250 219 : 266 242 : 246 217 : 235 214 : 214 175 : 224 221 : 233 
Viurilan ananas_juurivesa_O100 238 : 250 209 : 246 257 : 259 217 : 225 214 : 218 183 : 224 221 : 221 
AL14_O101 238 : 250 200 : 219 244 : 246 219 : 225 248 : 258 175 : 224 231 : 242 
AL22_O102 250 : 250 219 : 256 234 : 246 217 : 225 214 : 227 199 : 210 221 : 231 
AL23_O103 242 : 258 219 : 246 246 : 259 219 : 225 214 : 227 210 : 212 242 : 242 
Vaasan talvi _hirvensalmi_O104 238 : 258 246 : 246 240 : 257 217 : 225 214 : 218 175 : 210 225 : 242 
kuusiston kartano nro 4_O105 238 : 242 200 : 232 234 : 244 219 : 225 214 : 258 175 : 203 223 : 242 
munkkimaen omenapuu_O106 246 : 250 256 : 256 250 : 259 225 : 229 248 : 248 175 : 224 231 : 231 
vanha kaneli_O107 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
nayte metsasta_O108 238 : 238 200 : 246 234 : 244 219 : 239 214 : 258 175 : 224 231 : 242 
Paivola ITA tuntematon 1_O109 238 : 238 219 : 246 244 : 244 217 : 243 225 : 258 175 : 224 231 : 231 
Paivola ITA tuntematon omena 
2_O110 
242 : 242 219 : 232 244 : 244 217 : 229 227 : 227 175 : 210 233 : 242 
Paivola LANSI tuntematon omena 
3_O111 
238 : 238 232 : 256 240 : 244 217 : 225 214 : 258 175 : 203 223 : 233 
Paivola LANSI tuntematon omena 
4_O112 
238 : 238 256 : 266 257 : 259 217 : 233 208 : 214 175 : 224 221 : 231 
huvituksen juurivesa_ylane_O113 238 : 248 266 : 271 240 : 257 225 : 235 214 : 218 175 : 183 233 : 240 
R-kylan kartano: Inkila_O114 238 : 238 256 : 266 250 : 250 217 : 225 225 : 248 175 : 212 233 : 240 
R-kylan kartano  kersti 2 _O115 248 : 252 209 : 266 246 : 257 219 : 225 214 : 231 0 : 0 0 : 0 
R-kylan kartano  majuri _O116 248 : 248 204 : 219 234 : 246 217 : 235 214 : 216 175 : 224 235 : 235 
R-kylan kartano  grenman 2 _O117 238 : 242 204 : 232 244 : 250 217 : 219 227 : 227 175 : 212 231 : 233 
R-kylan kartano  grenman 1 _O118 238 : 242 204 : 232 244 : 250 217 : 219 227 : 227 175 : 212 231 : 233 
R-kylan kartano  kersti _O119 248 : 252 209 : 266 246 : 257 219 : 225 214 : 231 224 : 224 231 : 240 
Moision kartano pieksamaki_O120 238 : 248 219 : 266 240 : 268 217 : 219 214 : 231 175 : 224 231 : 231 
Kersti harjumaa_O121 248 : 252 0 : 0 246 : 257 219 : 225 214 : 231 224 : 224 231 : 240 
Ella harjumaa_O122 238 : 238 0 : 0 240 : 257 215 : 217 223 : 225 207 : 224 233 : 233 
Achrenin syys_O123 242 : 246 0 : 0 234 : 240 225 : 229 214 : 220 199 : 199 223 : 223 
Lepparannan omena_O124 238 : 246 0 : 0 240 : 244 225 : 225 214 : 220 175 : 199 205 : 205 
Luotsi_O125 250 : 258 246 : 256 246 : 257 217 : 217 214 : 220 175 : 210 233 : 242 
Grenman 3_O126 238 : 242 204 : 232 228 : 228 217 : 219 244 : 250 175 : 212 231 : 233 
Kesaomena _O127 238 : 250 232 : 254 0 : 0 0 : 0 0 : 0 175 : 226 221 : 242 
Valkealan syys_O128 250 : 258 246 : 256 246 : 257 217 : 217 214 : 220 175 : 210 233 : 242 
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Accessions / Loci Ch01H02 CH02c06 Ch02C09 Ch02c11 Ch02d08 CH04e05 COL 
Hannulan talviomenapuu_O129 238 : 242 246 : 256 240 : 244 219 : 225 214 : 220 175 : 224 242 : 242 
Langsjon paarynaomena_O130 238 : 238 232 : 232 234 : 240 219 : 225 220 : 223 203 : 224 231 : 231 
Waldemar_O131 238 : 242 0 : 0 244 : 257 215 : 217 218 : 227 175 : 212 233 : 242 
Snygg vasen puu_O132 238 : 238 232 : 266 244 : 257 217 : 225 214 : 231 226 : 226 231 : 231 
Snygg oikea puu_O133 238 : 238 232 : 266 244 : 257 217 : 225 214 : 231 0 : 0 231 : 231 
Sortavalan imela_O134 250 : 258 219 : 219 240 : 246 219 : 225 218 : 220 203 : 224 221 : 231 
Ananas_O135 242 : 246 219 : 256 250 : 259 217 : 217 214 : 214 175 : 175 231 : 242 
Huvitus_O136 238 : 248 266 : 271 240 : 257 225 : 235 0 : 0 175 : 183 0 : 0 
Paroni_O137 0 : 0 256 : 271 250 : 257 217 : 219 214 : 227 0 : 0 221 : 231 
Edelman_O138 238 : 248 266 : 266 234 : 259 217 : 233 214 : 227 175 : 175 231 : 231 
Sestaholma_O139 0 : 0 0 : 0 0 : 0 0 : 0 214 : 231 0 : 0 231 : 231 
Kaikuvuoriomenapuu_O140 250 : 250 219 : 246 246 : 250 217 : 217 214 : 248 210 : 224 231 : 242 
Sortavalan imela 2_O141 250 : 258 219 : 219 0 : 0 219 : 225 0 : 0 203 : 224 0 : 0 
Herkku_O142 238 : 238 256 : 256 250 : 250 217 : 237 208 : 216 218 : 224 233 : 242 
Lantun talvi 1_O143 238 : 238 254 : 256 240 : 246 217 : 219 216 : 258 175 : 205 205 : 233 
Lantun talvi 2_O144 0 : 0 0 : 0 240 : 246 0 : 0 216 : 258 0 : 0 205 : 233 
Lantun talvi 3_O145 238 : 238 254 : 256 240 : 246 217 : 219 216 : 258 175 : 205 205 : 233 
Akero keltainen_O146 238 : 238 0 : 0 0 : 0 0 : 0 0 : 0 175 : 224 0 : 0 
Kalfas -  Snygg_O147 250 : 258 246 : 256 246 : 257 217 : 217 214 : 220 175 : 210 233 : 242 
Savstaholm_O148 250 : 258 246 : 256 246 : 257 217 : 217 0 : 0 175 : 210 0 : 0 
Pohjolan ruusu_O149 0 : 0 232 : 256 240 : 246 219 : 225 220 : 258 0 : 0 242 : 242 
Hannula_O150 242 : 250 246 : 254 244 : 246 0 : 0 0 : 0 175 : 210 242 : 242 
Jalmarin omena Karimaa_O151 0 : 0 0 : 0 0 : 0 0 : 0 0 : 0 0 : 0 233 : 233 
Pieksamaki_O152 238 : 238 219 : 254 240 : 250 217 : 219 214 : 214 175 : 224 233 : 240 
Gravenstein_O153 238 : 238 219 : 256 0 : 0 221 : 229 0 : 0 175 : 175 0 : 0 
Alanen N1-MTT 238 : 250 209 : 219 257 : 257 217 : 219 214 : 256 224 : 224 242 : 231 
Alanen N3-MTT 238 : 238 219 : 232 246 : 259 225 : 225 248 : 256 175 : 224 221 : 235 
Aholan aikainen MTT 238 : 238 219 : 254 246 : 250 217 : 219 216 : 256 175 : 228 221 : 242 
Ahosen lakkaomena HST 238 : 238 209 : 266 250 : 259 217 : 219 218 : 248 175 : 224 233 : 235 
Aino HST 238 : 238 246 : 256 246 : 257 217 : 239 225 : 248 210 : 224 221 : 231 
Ananaskaneli MTT 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Aleksanteri MTT 238 : 258 209 : 219 240 : 259 235 : 239 231 : 256 175 : 203 231 : 233 
Alasen punainen MTT 246 : 250 209 : 266 246 : 259 217 : 225 214 : 256 175 : 218 233 : 235 
Ananasomena MTT 238 : 250 256 : 256 240 : 252 225 : 225 220 : 220 175 : 224 231 : 231 
Andelin MTT 238 : 238 256 : 256 240 : 246 225 : 225 220 : 256 175 : 224 231 : 231 
Anisovka MTT 238 : 248 234 : 256 234 : 257 219 : 219 214 : 225 203 : 224 231 : 231 
Antonovka Kamenitska HST 238 : 238 209 : 246 246 : 257 217 : 227 220 : 248 224 : 226 231 : 231 
Annamaija HST 242 : 258 209 : 232 240 : 246 217 : 239 218 : 256 175 : 205 219 : 231 
Antonovka MTT 238 : 250 219 : 246 246 : 250 217 : 225 248 : 248 224 : 226 231 : 231 
Apilisto MTT 238 : 238 209 : 271 234 : 234 219 : 233 227 : 229 175 : 224 231 : 231 
Atlas MTT 238 : 248 232 : 254 234 : 250 217 : 239 214 : 256 175 : 203 231 : 240 
Atlas  punainen MTT 238 : 248 232 : 254 234 : 250 217 : 239 214 : 252 175 : 203 231 : 240 
Battleford MTT 238 : 252 219 : 238 257 : 257 219 : 219 214 : 231 175 : 226 231 : 231 
Bergius MTT 238 : 242 200 : 232 234 : 244 219 : 225 214 : 256 175 : 203 223 : 242 
B J Lindberg MTT 238 : 238 256 : 256 234 : 240 219 : 239 225 : 256 175 : 224 231 : 231 
Borgovskoje MTT 238 : 238 209 : 266 250 : 259 217 : 219 218 : 248 175 : 224 233 : 235 
Bratsud HST 238 : 238 246 : 266 246 : 259 217 : 233 208 : 248 224 : 224 221 : 233 
Discovery MTT 248 : 250 232 : 248 246 : 259 225 : 229 231 : 252 199 : 203 231 : 240 
Diana MTT 238 : 242 219 : 260 250 : 257 219 : 225 218 : 225 210 : 224 231 : 242 
Edelman HST 238 : 248 266 : 266 324 : 259 217 : 233 214 : 225 175 : 175 221 : 231 
Eliakselan nauris HST 238 : 248 232 : 232 246 : 250 217 : 237 214 : 256 175 : 199 231 : 242 
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Accessions / Loci Ch01H02 CH02c06 Ch02C09 Ch02c11 Ch02d08 CH04e05 COL 
Early McIntosh MTT 238 : 250 232 : 254 234 : 246 225 : 231 214 : 218 205 : 210 221 : 233 
Eqvi MTT 242 : 250 246 : 256 244 : 246 219 : 225 218 : 248 175 : 224 231 : 233 
Esteri HST 238 : 238 232 : 232 234 : 240 219 : 225 220 : 223 203 : 224 231 : 231 
Finne MTT 238 : 242 200 : 232 244 : 244 219 : 225 227 : 256 175 : 212 223 : 231 
Forelli MTT 238 : 248 219 : 238 240 : 259 225 : 239 231 : 231 203 : 218 221 : 231 
Gammalt svinapple BLT 238 : 238 204 : 256 246 : 257 217 : 239 214 : 214 175 : 224 219 : 233 
Golden Delicous MTT 250 : 252 238 : 242 244 : 259 221 : 235 225 : 227 175 : 175 221 : 233 
Gerbyn aikainen BLT 238 : 242 219 : 287 240 : 250 217 : 217 214 : 214 199 : 224 231 : 231 
Gerbyn kaneli BLT 248 : 258 204 : 209 234 : 240 217 : 239 216 : 256 175 : 175 231 : 235 
Gerbyn astrakaani BLT 238 : 250 219 : 232 234 : 250 225 : 225 248 : 256 175 : 228 223 : 231 
Gerbyn talvi BLT 238 : 258 246 : 246 240 : 257 217 : 217 214 : 218 175 : 210 225 : 242 
Goodland MTT 238 : 248 232 : 242 240 : 259 217 : 231 214 : 256 203 : 224 231 : 240 
Grev Pehrs Bordsapple HST 238 : 238 232 : 246 244 : 254 217 : 219 220 : 258 175 : 199 221 : 242 
Grenman MTT 238 : 242 204 : 232 244 : 250 217 : 219 227 : 227 175 : 212 231 : 233 
Guldborg MTT 238 : 238 242 : 246 246 : 250 229 : 235 214 : 256 175 : 203 231 : 233 
Gyllenkrokin Astrakaani MTT 238 : 250 232 : 254 234 : 246 209 : 235 227 : 256 175 : 226 221 : 242 
Harlamovski HST 250 : 258 209 : 219 240 : 246 217 : 233 248 : 256 224 : 224 221 : 233 
Hampus BLT 238 : 238 238 : 252 250 : 257 217 : 235 214 : 256 175 : 203 231 : 233 
Hava HST 238 : 238 209 : 219 240 : 246 239 : 239 214 : 256 175 : 210 231 : 242 
Hedman MTT 238 : 250 219 : 219 244 : 246 225 : 225 227 : 248 210 : 224 221 : 231 
Heinavesi HST 238 : 238 256 : 256 234 : 240 219 : 239 225 : 256 175 : 224 231 : 231 
Helenan kulta MTT 238 : 250 219 : 256 234 : 250 217 : 239 214 : 256 175 : 199 221 : 231 
Heta MTT 238 : 250 232 : 271 240 : 257 225 : 231 218 : 256 183 : 203 221 : 233 
Hibernal MTT 238 : 248 209 : 219 240 : 250 217 : 225 218 : 227 175 : 224 233 : 242 
Haralson MTT 250 : 258 238 : 256 240 : 259 231 : 239 256 : 256 175 : 203 231 : 233 
Huvitus MTT 238 : 248 266 : 271 240 : 257 225 : 235 214 : 218 175 : 183 233 : 240 
Iso kuulas Astrakaani MTT 238 : 242 256 : 256 244 : 250 219 : 219 218 : 256 175 : 175 233 : 242 
Isoaidin jouluomena 238 : 258 209 : 256 250 : 257 219 : 233 214 : 220 205 : 224 233 : 242 
Jalmarin omena BLT 238 : 250 219 : 256 246 : 250 225 : 225 220 : 248 224 : 224 231 : 233 
Jaspi MTT 248 : 250 232 : 271 234 : 240 225 : 229 218 : 231 175 : 203 221 : 240 
Josefiner ASP 250 : 250 256 : 266 240 : 246 217 : 233 214 : 214 175 : 175 221 : 231 
James Grieve HST 250 : 258 238 : 256 240 : 259 231 : 239 256 : 256 175 : 203 231 : 233 
Jukarainen MTT 238 : 250 219 : 246 246 : 257 217 : 225 214 : 248 203 : 228 231 : 231 
Junost MTT 238 : 248 254 : 266 240 : 246 217 : 219 214 : 227 210 : 224 231 : 242 
Juuso MTT 250 : 250 219 : 232 240 : 246 217 : 231 231 : 248 203 : 228 221 : 231 
Kaikuvuori MTT 250 : 250 219 : 246 246 : 250 217 : 217 214 : 248 210 : 224 231 : 242 
Katja MTT 250 : 250 232 : 254 234 : 246 219 : 229 214 : 231 201 : 203 231 : 231 
Kaniker ASP 238 : 246 232 : 234 244 : 254 217 : 219 227 : 256 175 : 226 221 : 242 
Kapteenin omena BLT 250 : 258 238 : 256 240 : 259 231 : 239 256 : 256 175 : 203 231 : 233 
Kardinal MTT 238 : 242 200 : 234 234 : 244 219 : 225 214 : 256 203 : 224 223 : 231 
Kangasalan talvi MTT 238 : 250 234 : 256 244 : 257 217 : 219 218 : 227 175 : 199 233 : 242 
Kavlaas HST 242 : 250 219 : 232 242 : 244 217 : 219 214 : 227 207 : 210 233 : 242 
Kersti MTT 248 : 252 209 : 266 246 : 257 219 : 229 214 : 231 224 : 224 231 : 240 
Kerttu Vanne MTT 238 : 250 219 : 254 246 : 259 217 : 239 214 : 227 175 : 175 221 : 242 
Kihlajaisomena BLT 238 : 258 209 : 256 250 : 257 219 : 233 214 : 220 205 : 224 233 : 242 
Kirkniemen talvi HST 238 : 250 232 : 256 234 : 240 229 : 231 231 : 256 203 : 224 221 : 240 
Kivioja MTT 248 : 250 232 : 246 250 : 257 217 : 225 214 : 227 175 : 199 231 : 233 
Keltakaneli MTT 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Kultainen Kitaika BLT 238 : 238 209 : 266 250 : 259 217 : 219 218 : 248 175 : 224 235 : 235 
Kultainen Kitaika HST 242 : 248 219 : 246 246 : 246 217 : 217 216 : 220 224 : 224 231 : 231 
Keltainen Nalif HST 238 : 238 209 : 266 257 : 257 217 : 219 208 : 218 175 : 222 221 : 231 
Raspor A. Analysis of the structure of genetic variability…core collection of apple cultivars from Finnish germplasm. 
    M. Sc. Thesis. Ljubljana, Univ of Ljubljana Biotechnical Faculty., Academic study in Biotechnology, 2017 
 
Accessions / Loci Ch01H02 CH02c06 Ch02C09 Ch02c11 Ch02d08 CH04e05 COL 
Konsta MTT 250 : 250 232 : 246 240 : 246 217 : 231 248 : 256 224 : 226 221 : 231 
Korobovka HST 238 : 238 232 : 232 234 : 240 219 : 225 220 : 223 203 : 224 231 : 231 
Keltainen Rickard ASP 250 : 252 219 : 234 244 : 246 229 : 235 208 : 231 175 : 175 231 : 233 
Kerppolan kesa ASP 238 : 238 256 : 256 250 : 259 217 : 219 225 : 227 199 : 224 221 : 221 
Kitaica Solotoja PTU 238 : 238 242 : 254 240 : 257 217 : 219 214 : 220 175 : 224 219 : 231 
Kuhno BLT 238 : 238 219 : 219 240 : 259 217 : 217 218 : 223 224 : 224 231 : 231 
Lakeland MTT 238 : 258 238 : 256 257 : 259 231 : 235 231 : 256 175 : 175 231 : 233 
Lantun talvi MTT 238 : 238 219 : 256 250 : 257 225 : 225 248 : 256 175 : 224 231 : 231 
Lavia MTT 242 : 250 219 : 256 242 : 259 217 : 217 214 : 214 175 : 212 221 : 242 
Lepaan lierea MTT 238 : 250 219 : 232 244 : 250 217 : 225 214 : 248 203 : 224 231 : 231 
Lepaan meloni MTT 248 : 250 256 : 271 250 : 259 217 : 217 216 : 227 175 : 224 233 : 233 
Louhisaaren ananas HST 242 : 246 219 : 256 250 : 259 217 : 217 214 : 214 175 : 175 231 : 242 
Lohjan kirkas HST 238 : 242 219 : 256 244 : 250 219 : 225 218 : 227 175 : 205 221 : 242 
Linda MTT 250 : 258 254 : 256 246 : 259 219 : 239 214 : 256 175 : 175 233 : 240 
Linne apple ASP 238 : 250 219 : 254 234 : 252 219 : 235 214 : 214 175 : 203 219 : 242 
Linnan Omena HST 238 : 258 209 : 219 240 : 259 235 : 239 231 : 256 175 : 203 231 : 233 
Lobo MTT 238 : 250 232 : 256 234 : 240 229 : 231 231 : 256 203 : 224 221 : 240 
Luotsi HST 250 : 258 246 : 256 246 : 257 217 : 217 214 : 220 175 : 210 233 : 242 
Laangsjon paarynaomena MTT 238 : 238 232 : 232 234 : 240 219 : 225 220 : 223 203 : 224 231 : 231 
Maikki MTT 248 : 248 204 : 271 234 : 240 225 : 231 214 : 214 175 : 210 240 : 240 
Make MTT 238 : 248 232 : 232 234 : 246 219 : 239 227 : 256 175 : 175 221 : 240 
Mantet MTT 246 : 248 204 : 256 246 : 259 217 : 231 214 : 256 203 : 224 235 : 240 
Melba MTT 248 : 250 204 : 232 234 : 250 217 : 231 214 : 256 210 : 224 235 : 240 
Minnehaha MTT 248 : 258 219 : 256 234 : 240 235 : 239 214 : 256 175 : 175 231 : 233 
Mitsurin Talviarkad HST 238 : 248 234 : 256 234 : 257 219 : 219 214 : 225 203 : 224 231 : 231 
Melba  punainen 'Pate' MTT 248 : 250 204 : 232 234 : 250 217 : 231 214 : 256 210 : 224 235 : 240 
Melba  punainen 'Plats' MTT 248 : 250 204 : 232 234 : 250 217 : 231 214 : 256 210 : 224 235 : 240 
Moskovan paarynaomena MTT 238 : 242 256 : 256 246 : 250 219 : 225 214 : 218 175 : 175 221 : 242 
Mummon omena BLT 238 : 248 234 : 234 257 : 259 217 : 219 225 : 237 175 : 203 231 : 231 
Mustialan valkea HST 238 : 238 232 : 236 246 : 257 217 : 219 227 : 256 175 : 224 240 : 242 
Nalivnoje MTT 238 : 238 219 : 219 240 : 250 217 : 225 214 : 218 205 : 224 221 : 231 
Norland MTT 238 : 250 204 : 266 234 : 259 217 : 233 214 : 231 183 : 224 221 : 235 
Novinka MTT 238 : 238 200 : 266 240 : 244 217 : 225 214 : 256 175 : 203 223 : 240 
New Oriole MTT 250 : 250 238 : 256 234 : 259 221 : 231 225 : 256 203 : 210 231 : 231 
Oktjabrskoje MTT 238 : 242 209 : 256 240 : 240 217 : 217 216 : 256 175 : 191 231 : 231 
Ola MTT 248 : 250 219 : 256 234 : 259 229 : 235 214 : 231 203 : 203 231 : 240 
Ollin omena HST 238 : 238 232 : 232 234 : 240 219 : 225 220 : 223 205 : 224 231 : 231 
Oranie MTT 238 : 252 248 : 256 244 : 257 209 : 221 214 : 256 175 : 212 223 : 242 
Orpo MTT 238 : 238 200 : 219 244 : 257 219 : 225 214 : 231 175 : 203 223 : 231 
Oton omena HST 238 : 238 209 : 266 250 : 259 217 : 219 218 : 248 175 : 224 233 : 235 
Paasikivi HST 238 : 238 232 : 256 240 : 246 219 : 225 220 : 256 175 : 224 231 : 242 
Punainen Astrakaani MTT 238 : 238 219 : 256 244 : 259 219 : 239 214 : 227 175 : 175 235 : 242 
Papirova BLT 238 : 238 256 : 256 250 : 257 217 : 219 214 : 214 175 : 224 221 : 242 
Parkland MTT 242 : 248 204 : 266 234 : 259 231 : 233 231 : 256 183 : 224 235 : 242 
Pekka MTT 238 : 250 256 : 266 234 : 257 229 : 235 218 : 231 175 : 203 233 : 240 
Pirja MTT 248 : 248 204 : 271 250 : 257 225 : 231 214 : 218 175 : 210 235 : 240 
Punakaneli MTT 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Pirkko HST 238 : 250 256 : 266 234 : 257 225 : 229 214 : 256 183 : 203 221 : 233 
Pekkalan puu 1 HST 238 : 250 256 : 266 234 : 257 229 : 235 218 : 231 175 : 203 233 : 240 
Pekkalan puu 2 HST 248 : 248 204 : 219 234 : 246 219 : 235 214 : 216 175 : 224 235 : 235 
Peltolan omena HST 238 : 250 219 : 232 240 : 240 217 : 225 214 : 218 175 : 175 221 : 233 
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Accessions / Loci Ch01H02 CH02c06 Ch02C09 Ch02c11 Ch02d08 CH04e05 COL 
Pohjolan ruusu MTT 238 : 238 232 : 256 240 : 246 219 : 225 220 : 256 175 : 224 242 : 231 
Pertunmaan kesa HST 238 : 238 256 : 256 240 : 250 217 : 217 214 : 225 203 : 203 221 : 221 
Punahilkka HST 238 : 246 256 : 256 240 : 259 219 : 229 214 : 256 224 : 224 231 : 240 
Quinte MTT 238 : 248 204 : 209 234 : 234 231 : 235 214 : 256 210 : 224 205 : 240 
Ranta-Aho Golden BLT 238 : 248 219 : 248 250 : 257 219 : 219 231 : 256 199 : 222 231 : 242 
Ranta-Ahon Herkku BLT 238 : 238 248 : 266 257 : 257 217 : 235 214 : 256 175 : 199 231 : 233 
Raike MTT 238 : 250 256 : 256 240 : 240 231 : 239 256 : 256 203 : 224 221 : 231 
Ranger MTT 234 : 250 204 : 209 234 : 259 217 : 235 214 : 214 203 : 224 205 : 235 
Raatteen tie HST 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Rautell HST 238 : 238 256 : 256 240 : 246 217 : 219 216 : 256 175 : 205 205 : 233 
Regellin kesakaneli ASP 238 : 250 219 : 256 244 : 257 209 : 237 214 : 214 175 : 175 242 : 242 
Red Paron MTT 250 : 258 238 : 256 240 : 244 221 : 239 225 : 256 175 : 224 221 : 231 
Railamo MTT 238 : 238 256 : 266 242 : 246 225 : 229 214 : 220 175 : 199 205 : 205 
Roopen Omena MTT 238 : 238 232 : 266 244 : 257 217 : 225 214 : 231 203 : 226 231 : 231 
Rosmarin Novi HST 238 : 248 219 : 256 240 : 240 219 : 229 220 : 231 199 : 224 221 : 231 
Rosenhager ASP 250 : 250 219 : 266 242 : 246 217 : 235 214 : 214 175 : 224 221 : 233 
Rupert MTT 238 : 238 232 : 266 246 : 257 209 : 219 218 : 256 175 : 222 221 : 242 
Samo MTT 248 : 250 232 : 271 234 : 257 217 : 225 214 : 256 183 : 210 240 : 240 
Sanna BLT 238 : 242 256 : 256 244 : 250 219 : 219 218 : 256 175 : 175 233 : 242 
Saarijarven punainen BLT 238 : 248 232 : 232 234 : 246 219 : 239 227 : 256 175 : 175 221 : 240 
Sariola HST 238 : 238 256 : 271 234 : 244 215 : 217 218 : 227 228 : 228 240 : 242 
Sandra MTT 238 : 238 256 : 266 234 : 240 225 : 231 218 : 231 183 : 224 221 : 233 
Sando MTT  238 : 238 256 : 271 234 : 244 215 : 217 218 : 227 228 : 228 240 : 242 
Silva MTT 238 : 250 204 : 232 234 : 244 217 : 219 214 : 256 175 : 210 235 : 242 
Stenkyrke MTT 242 : 250 234 : 256 246 : 259 219 : 219 214 : 227 175 : 210 231 : 235 
Slava MTT 250 : 258 209 : 246 240 : 246 217 : 219 256 : 256 210 : 224 233 : 242 
Slavjanka MTT 238 : 242 246 : 266 246 : 250 217 : 225 248 : 248 212 : 228 231 : 233 
Sommargylling ASP 238 : 242 254 : 256 244 : 250 219 : 219 214 : 218 175 : 205 233 : 242 
Sandow MTT 250 : 258 238 : 256 240 : 259 231 : 239 256 : 256 175 : 203 231 : 233 
Schones von Norrhaus MTT 242 : 250 246 : 256 234 : 257 225 : 225 214 : 214 210 : 210 205 : 233 
Snygg MTT 238 : 238 232 : 266 244 : 257 217 : 225 214 : 231 203 : 226 231 : 231 
Snovit MTT 238 : 250 219 : 232 244 : 259 215 : 217 214 : 227 175 : 224 205 : 233 
Sokeri-Miron MTT 238 : 238 209 : 266 240 : 257 217 : 227 214 : 218 175 : 224 231 : 240 
Sortavalan imela HST 250 : 258 219 : 219 240 : 246 219 : 225 218 : 220 203 : 224 221 : 231 
Safram Pohjola HST 238 : 238 256 : 256 240 : 234 219 : 239 225 : 256 175 : 224 231 : 231 
Safram Polosatij HST 238 : 238 200 : 266 240 : 244 217 : 225 214 : 256 175 : 203 223 : 240 
Summerred MTT 238 : 250 232 : 238 259 : 259 217 : 221 214 : 231 175 : 224 233 : 233 
Sanodrok MTT 238 : 250 246 : 254 246 : 248 217 : 231 248 : 256 203 : 224 231 : 240 
Suomen suurin HST 246 : 250 219 : 256 240 : 240 215 : 225 220 : 256 175 : 199 231 : 231 
Signe Tillisch HST 238 : 238 219 : 256 234 : 240 221 : 229 214 : 220 175 : 199 205 : 221 
Suislep MTT 246 : 250 219 : 256 246 : 259 217 : 217 214 : 214 175 : 175 231 : 233 
Suur-Sariola MTT 242 : 250 219 : 256 259 : 259 217 : 235 214 : 214 175 : 175 221 : 233 
Svartholman punainen MTT 238 : 250 204 : 256 240 : 250 219 : 229 214 : 220 203 : 222 231 : 231 
Sygisdessert MTT 250 : 258 238 : 256 257 : 259 217 : 239 220 : 256 175 : 175 233 : 242 
Syysjuovikas MTT 250 : 258 246 : 256 246 : 257 217 : 217 214 : 220 175 : 210 233 : 242 
Sarso MT 238 : 242 246 : 254 250 : 250 217 : 219 214 : 214 175 : 210 221 : 242 
Savstaholm MTT 238 : 242 200 : 232 234 : 244 219 : 225 214 : 256 175 : 203 223 : 242 
Tallinan paarynaomena MTT 242 : 246 219 : 256 250 : 259 217 : 217 214 : 214 175 : 175 231 : 242 
Tarkkanen MTT 238 : 258 256 : 266 240 : 257 217 : 217 214 : 256 224 : 224 231 : 231 
Tellissaare MTT 238 : 250 219 : 246 250 : 257 225 : 239 220 : 227 203 : 224 221 : 221 
Talvinautinto MTT 238 : 252 219 : 246 250 : 257 225 : 239 214 : 248 175 : 224 231 : 231 
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Accessions / Loci Ch01H02 CH02c06 Ch02C09 Ch02c11 Ch02d08 CH04e05 COL 
Tsaarin kilpi MTT 238 : 238 219 : 219 240 : 259 217 : 217 218 : 223 224 : 224 231 : 231 
Titovka HST 238 : 248 219 : 256 240 : 240 219 : 229 220 : 231 199 : 224 221 : 231 
Valkea Astrakaani MTT 238 : 242 219 : 256 244 : 250 219 : 225 218 : 227 175 : 205 221 : 242 
Valkealan syys MTT 238 : 250 232 : 256 257 : 257 217 : 225 208 : 225 175 : 224 231 : 231 
Vaasan talvi HST 238 : 258 246 : 246 240 : 257 217 : 217 214 : 218 175 : 210 225 : 242 
Wealthy MTT 250 : 258 238 : 256 240 : 259 231 : 239 256 : 256 175 : 203 231 : 233 
Wedge MTT 238 : 258 209 : 234 234 : 240 219 : 237 214 : 231 175 : 224 233 : 233 
Wellington MTT 238 : 250 209 : 256 240 : 259 217 : 235 214 : 231 203 : 224 231 : 233 
Westland MTT 242 : 258 209 : 266 240 : 246 217 : 239 214 : 256 210 : 224 221 : 240 
Viikari HST 238 : 246 256 : 256 240 : 240 225 : 229 220 : 220 199 : 224 221 : 231 
Williams MTT 234 : 238 254 : 256 242 : 246 225 : 239 214 : 260 175 : 212 221 : 233 
Viurilan ananas MTT 238 : 242 204 : 254 250 : 257 217 : 219 214 : 227 205 : 175 231 : 242 
ValkeaKuulas Blomqvist BLT 238 : 238 219 : 254 246 : 250 219 : 225 218 : 227 205 : 210 221 : 242 
Valkeakuulas Kalvola MTT 238 : 238 219 : 254 246 : 250 219 : 225 218 : 227 205 : 210 221 : 242 
ValkeaKuulas Norja LAU 238 : 238 219 : 254 246 : 250 219 : 225 218 : 227 205 : 210 221 : 242 
ValkeaKuulas Ruotsi BLT 238 : 238 219 : 254 246 : 250 219 : 225 218 : 227 205 : 210 221 : 242 
Valkea Nalif MTT 238 : 238 256 : 256 250 : 257 217 : 219 214 : 214 175 : 224 221 : 242 
Valo Sjoblom MTT 242 : 258 238 : 246 240 : 246 219 : 239 214 : 256 175 : 203 233 : 242 
Vuokko MTT 248 : 250 204 : 271 234 : 240 225 : 231 214 : 214 175 : 224 240 : 240 
Vaisanen MTT 0 : 0 219 : 238 240 : 246 217 : 231 225 : 252 203 : 224 231 : 231 
Ylakautto MTT 238 : 238 209 : 219 240 : 246 217 : 225 248 : 256 175 : 228 231 : 231 
Yltoisten sitruunaomena MTT 238 : 238 219 : 256 246 : 250 219 : 235 214 : 227 175 : 228 233 : 235 
aakero Rajalin MTT 242 : 250 246 : 254 244 : 246 217 : 219 214 : 214 175 : 210 242 : 242 
aakero Tarko MTT 242 : 250 246 : 254 244 : 246 217 : 219 214 : 214 175 : 210 242 : 242 
Kenttamies HST 238 : 250 219 : 266 244 : 246 217 : 225 214 : 218 203 : 228 231 : 231 
Valkealan kesa HST 238 : 238 209 : 266 250 : 259 217 : 229 218 : 248 175 : 224 233 : 235 
Ahosen lakkaomena  2 HST 238 : 238 256 : 266 240 : 244 215 : 219 214 : 218 224 : 228 231 : 242 
aakero Hassel HST 238 : 250 246 : 254 246 : 248 217 : 219 214 : 214 175 : 210 244 : 244 
Anisovka MTT - YP 238 : 238 209 : 266 250 : 259 217 : 219 218 : 248 175 : 224 233 : 235 
B J Lindgerg   MTT -YP 238 : 238 256 : 256 234 : 240 219 : 239 225 : 256 175 : 224 231 : 231 
Novinka MTT -YP 238 : 238 200 : 266 240 : 244 217 : 225 214 : 256 175 : 203 223 : 240 
Sandow MTT -YP 250 : 258 238 : 256 240 : 259 231 : 239 256 : 256 175 : 203 231 : 233 
Wealthy MTT -YP 250 : 258 238 : 256 240 : 259 231 : 239 256 : 256 175 : 203 231 : 233 
Haralson MTT -YP 250 : 258 238 : 256 240 : 259 231 : 239 256 : 256 175 : 203 231 : 233 
Aleksanteri MTT -YP 238 : 258 209 : 219 240 : 259 235 : 239 231 : 256 175 : 203 231 : 233 
Borgovskoje MTT -YP 238 : 238 209 : 266 250 : 257 217 : 219 218 : 248 175 : 224 233 : 235 
Valkea Nalif MTT -YP 238 : 238 256 : 256 250 : 257 217 : 219 214 : 214 175 : 224 221 : 242 
Pohjolan ruusu MTT -YP 238 : 238 232 : 256 240 : 246 219 : 225 220 : 256 175 : 224 231 : 242 
Talvikki 238 : 250 219 : 232 234 : 240 225 : 229 248 : 256 203 : 228 221 : 231 
Pirja II 238 : 248 204 : 271 234 : 257 225 : 231 218 : 256 183 : 224 240 : 240 
Saviomena SB 248 : 248 204 : 271 250 : 257 225 : 231 214 : 218 175 : 210 235 : 240 
Kirkniemen talvi SB 250 : 250 219 : 234 242 : 259 217 : 217 214 : 214 203 : 210 233 : 242 
B J Lindberg SB 238 : 238 256 : 256 234 : 240 219 : 239 225 : 256 175 : 224 231 : 231 
Gamla landshovd  aaland1 238 : 244 242 : 256 234 : 242 217 : 237 227 : 227 175 : 210 221 : 240 
Gamla landshovd  aaland2 238 : 246 256 : 256 234 : 242 225 : 239 214 : 227 175 : 210 221 : 240 
Stromvik Sota  aaL 238 : 250 219 : 256 242 : 250 217 : 217 214 : 229 175 : 210 233 : 242 
Stromma aaL 246 : 250 219 : 242 234 : 242 217 : 225 214 : 227 199 : 210 221 : 233 
Nanna aaL 238 : 250 232 : 256 234 : 240 219 : 239 231 : 256 203 : 226 221 : 231 
MA1007 238 : 242 232 : 246 234 : 246 217 : 225 214 : 214 203 : 210 223 : 242 
MA1018 238 : 238 219 : 252 234 : 259 221 : 233 214 : 256 210 : 210 221 : 242 
MA1021 238 : 242 200 : 232 234 : 244 219 : 225 214 : 256 175 : 203 223 : 242 
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Accessions / Loci Ch01H02 CH02c06 Ch02C09 Ch02c11 Ch02d08 CH04e05 COL 
MA1026 238 : 250 254 : 256 246 : 246 209 : 217 214 : 256 175 : 210 242 : 242 
MA1033 238 : 242 246 : 254 250 : 250 217 : 219 214 : 214 175 : 210 221 : 242 
MA1034 238 : 250 219 : 242 240 : 246 217 : 235 227 : 248 175 : 226 231 : 233 
MA1037 238 : 250 219 : 246 246 : 250 217 : 225 248 : 248 224 : 226 231 : 231 
MA1038 238 : 250 246 : 256 240 : 246 217 : 219 214 : 214 175 : 224 231 : 242 
MA1046 238 : 242 219 : 232 234 : 244 225 : 229 214 : 220 175 : 203 221 : 223 
MA1047 238 : 250 254 : 256 246 : 246 209 : 217 214 : 214 175 : 175 242 : 242 
MA1051 246 : 254 246 : 256 240 : 259 219 : 225 220 : 252 175 : 199 221 : 223 
MA1054 238 : 242 232 : 254 246 : 259 235 : 239 214 : 248 203 : 203 221 : 233 
MA1060 238 : 242 200 : 232 234 : 244 219 : 225 214 : 256 175 : 203 223 : 242 
MA1064 250 : 250 219 : 234 246 : 259 217 : 239 214 : 214 203 : 210 233 : 242 
MA1072 238 : 250 234 : 254 246 : 257 219 : 237 218 : 227 175 : 203 205 : 242 
MA1075 238 : 250 219 : 232 234 : 246 225 : 235 218 : 227 210 : 226 221 : 221 
MA1082 238 : 250 219 : 256 234 : 259 219 : 233 214 : 256 199 : 210 221 : 231 
Kirkniemen talvi LEP 238 : 250 232 : 256 234 : 240 229 : 231 231 : 256 203 : 224 221 : 240 
Wealthy? LEP 238 : 250 219 : 256 234 : 259 219 : 233 214 : 256 199 : 210 221 : 231 
Kavlaas LEP 242 : 250 219 : 232 242 : 244 217 : 219 214 : 227 207 : 210 233 : 242 
Jalkaranta LEP 238 : 258 209 : 232 240 : 244 217 : 225 256 : 256 203 : 224 223 : 231 
Joyce LEP 238 : 258 209 : 256 240 : 240 217 : 239 256 : 256 175 : 224 231 : 233 
Osmolan Talvi LEP 250 : 258 209 : 246 240 : 250 217 : 225 248 : 256 224 : 228 231 : 233 
Anisovka LEP 238 : 248 234 : 256 234 : 257 219 : 219 214 : 225 203 : 224 231 : 231 
Pohjolan Ruusu LEP 238 : 238 232 : 256 240 : 246 219 : 225 220 : 256 175 : 224 231 : 242 
Tsaarin kilpi LEP 238 : 238 219 : 219 240 : 259 217 : 217 218 : 223 224 : 224 231 : 231 
Snygg LEP 238 : 238 232 : 266 244 : 257 217 : 225 214 : 231 203 : 226 231 : 231 
Borgovskoje LEP 238 : 238 209 : 266 250 : 259 217 : 219 218 : 248 175 : 224 233 : 235 
Valkea kuulas hapan LEP 238 : 238 219 : 254 246 : 250 219 : 225 218 : 227 205 : 210 221 : 242 
Valkea kuulas oikea LEP 238 : 238 219 : 254 246 : 250 219 : 225 218 : 227 205 : 210 221 : 242 
Snygg saleikko LEP 238 : 238 232 : 266 244 : 257 217 : 225 214 : 231 203 : 226 231 : 231 
Wealthy vanha LEP 250 : 258 238 : 256 240 : 259 231 : 239 256 : 256 175 : 203 231 : 233 
Korobovka BLT 238 : 238 232 : 232 234 : 240 219 : 225 220 : 223 203 : 224 231 : 231 
Anisovka BLT 238 : 248 234 : 256 234 : 257 219 : 219 214 : 225 203 : 224 231 : 231 
Kultainen Kitajka 2 BLT 242 : 248 219 : 246 246 : 246 217 : 217 216 : 220 224 : 224 231 : 231 
Papirova 2 BLT 238 : 238 256 : 256 250 : 257 217 : 219 214 : 214 175 : 224 221 : 242 
Saarijarven punainen 2 BLT 238 : 248 232 : 232 234 : 246 219 : 239 227 : 256 175 : 175 221 : 240 
Borgovskoje BLT 238 : 238 209 : 266 250 : 259 217 : 219 218 : 248 175 : 224 233 : 235 
Kapteenin omena 2 BLT 250 : 258 238 : 256 240 : 259 231 : 239 256 : 256 175 : 203 231 : 233 
Tsaarin Kilpi BLT 238 : 238 219 : 219 240 : 259 217 : 217 218 : 223 224 : 224 231 : 231 
Kuhno 2 BLT 238 : 238 219 : 219 240 : 259 217 : 217 218 : 223 224 : 224 231 : 231 
Leif Blomqvist 238 : 258 246 : 246 240 : 257 217 : 217 214 : 218 175 : 210 225 : 242 
Arvid TS 238 : 238 232 : 256 244 : 246 209 : 219 214 : 256 175 : 175 242 : 242 
Johanneksen Mansikkaomena TS 238 : 238 219 : 232 246 : 250 225 : 239 248 : 256 175 : 203 205 : 231 
Asikkalan Raikas TS 238 : 246 232 : 236 244 : 250 217 : 233 216 : 248 210 : 210 233 : 233 
Antonovka Punainen TS 238 : 250 219 : 232 234 : 246 217 : 219 214 : 248 175 : 224 231 : 242 
Osmolan Syys TS 248 : 250 219 : 256 234 : 259 229 : 235 214 : 231 203 : 203 231 : 240 
Melkkala TS 238 : 242 256 : 256 244 : 250 219 : 219 218 : 256 175 : 175 233 : 242 
Uralskoje Nalifnoje TS 238 : 240 219 : 246 250 : 250 225 : 233 216 : 227 191 : 210 229 : 242 
Lahden Kesa TS 238 : 258 209 : 232 240 : 244 217 : 225 256 : 256 203 : 224 233 : 231 
Anisovka TS 238 : 248 234 : 256 234 : 257 219 : 219 214 : 225 203 : 224 231 : 231 
Sointula TS 238 : 238 209 : 238 240 : 244 219 : 239 227 : 256 175 : 199 231 : 242 
Stenbock TS 238 : 238 232 : 256 244 : 257 215 : 219 214 : 256 175 : 203 205 : 242 
Paivarannan Omena 238 : 246 256 : 256 240 : 257 221 : 225 220 : 256 175 : 224 231 : 242 
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Accessions / Loci Ch01H02 CH02c06 Ch02C09 Ch02c11 Ch02d08 CH04e05 COL 
Maaherra TS 238 : 242 219 : 246 240 : 257 217 : 219 214 : 227 175 : 224 221 : 231 
Paasikiven Syys TS 238 : 238 232 : 256 240 : 246 219 : 225 220 : 256 175 : 224 231 : 242 
Paasikiven Talvi TS 238 : 250 234 : 254 246 : 257 219 : 237 218 : 227 175 : 203 205 : 242 
Torkkolan Talvi 238 : 258 234 : 256 240 : 257 219 : 239 225 : 256 224 : 224 231 : 231 
Pirkkala TS 248 : 250 219 : 256 242 : 257 217 : 217 214 : 214 175 : 224 221 : 231 
ammansaari TS 238 : 238 246 : 256 246 : 257 217 : 239 225 : 248 210 : 224 221 : 231 
Minna Canth TS 250 : 250 246 : 256 246 : 246 217 : 217 214 : 248 175 : 228 231 : 233 
Turun Omena TS 238 : 246 256 : 256 240 : 240 225 : 229 220 : 220 199 : 224 221 : 231 
Mantsalan Aromipommi TS 238 : 250 254 : 266 240 : 246 217 : 235 231 : 256 175 : 175 231 : 242 
Munkki MS 238 : 238 232 : 246 244 : 257 217 : 225 214 : 225 203 : 224 231 : 231 
Ojala UV 238 : 238 232 : 256 240 : 244 217 : 225 214 : 256 175 : 203 223 : 233 
Ylikoppeli MS 238 : 250 219 : 256 246 : 246 215 : 235 248 : 256 175 : 224 233 : 233 
Achrenin syys -O123 242 : 246 232 : 256 0 : 0 0 : 0 0 : 0 199 : 203 223 : 223 
Hannulan talviomenapuu -O129 238 : 242 246 : 256 240 : 244 219 : 225 214 : 220 175 : 224 242 : 242 
Jalmarin omena Karimaa -O151 238 : 250 209 : 256 240 : 257 217 : 217 220 : 258 175 : 224 233 : 233 
Asikkalan kesa: Karimaa: vanha 
puu  -O154 
248 : 258 219 : 256 240 : 257 217 : 239 0 : 0 224 : 224 231 : 231 
Kangasala  -O155 250 : 250 219 : 271 257 : 257 217 : 217 0 : 0 183 : 212 233 : 233 
Padasjoen talvi   -O156 242 : 250 219 : 232 244 : 250 219 : 219 0 : 0 207 : 210 233 : 242 
Margunoff -O157 238 : 238 219 : 256 240 : 244 219 : 235 0 : 0 175 : 199 233 : 233 
Wiurilan ananas? -O158 238 : 242 204 : 254 240 : 257 217 : 219 0 : 0 175 : 205 231 : 242 
Huvitus Ylane -O159 238 : 238 232 : 236 246 : 257 217 : 219 227 : 258 175 : 224 240 : 242 
Suomen suurin  PITKa -O160 246 : 250 219 : 256 240 : 246 215 : 225 220 : 258 175 : 199 231 : 231 
Suomen suurin PYoREa -O161 246 : 250 219 : 256 240 : 246 215 : 225 220 : 258 175 : 199 231 : 231 
Pieksamaki  O162 238 : 238 232 : 256 237 : 257 217 : 225 225 : 225 203 : 207 231 : 233 
Pohjolan ruusu 1. HoLTTa -O163 238 : 238 232 : 256 240 : 246 219 : 225 220 : 258 175 : 224 242 : 242 
Pohjolan ruusu 2. HoLTTa -O164 238 : 238 232 : 256 240 : 246 219 : 225 220 : 258 175 : 224 242 : 242 
Mantsalan valo -O165 242 : 250 256 : 256 259 : 259 217 : 217 0 : 0 175 : 224 233 : 242 
Hirvensalmi -O166 238 : 252 209 : 256 250 : 257 225 : 225 231 : 248 175 : 224 233 : 240 
Valkealan kesa  -O167 238 : 238 219 : 219 244 : 259 217 : 217 214 : 214 175 : 224 221 : 221 
Valkealan kesa Mannarintie- O168 238 : 238 234 : 256 257 : 257 217 : 219 248 : 248 210 : 224 221 : 233 
Ylakauttu vanha puu -O169 238 : 238 209 : 219 240 : 246 217 : 225 248 : 258 175 : 228 231 : 231 
Ylakauttu vartettu -O170 238 : 238 209 : 219 240 : 246 217 : 225 248 : 258 175 : 228 231 : 231 
Aholan vahaomena -O171 238 : 238 209 : 266 240 : 257 217 : 227 214 : 218 175 : 224 240 : 240 
Hannulan talvi 1 ja 2 puuta O172 238 : 242 232 : 254 257 : 259 217 : 219 208 : 223 175 : 224 231 : 233 
Hannulan talvi  O173 238 : 242 232 : 254 257 : 259 217 : 219 208 : 223 175 : 224 231 : 233 
Hannula 1 varteoksa -O174 238 : 250 232 : 256 234 : 240 229 : 231 231 : 258 203 : 224 221 : 240 
Hannula 2 taivassalo -O175 238 : 250 232 : 256 234 : 240 229 : 231 231 : 258 203 : 224 221 : 240 
Lantun talvi 2. SYSMa -O176 250 : 258 209 : 246 240 : 250 217 : 225 248 : 258 224 : 228 231 : 233 
Olkkalan soseomena SYSMa- O177 238 : 238 209 : 246 246 : 257 217 : 217 220 : 248 224 : 226 231 : 231 
Olkkalan soseomena VIHTI -O178 238 : 238 209 : 246 246 : 257 217 : 217 220 : 248 224 : 226 231 : 231 
Lantun talvi  YPaJa -O179 238 : 238 219 : 256 250 : 257 225 : 225 248 : 258 175 : 175 231 : 231 
Railamo -O180 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Kaikuvuori -O181 238 : 250 232 : 256 257 : 257 217 : 225 208 : 225 175 : 224 231 : 231 
Sariola -O182 238 : 258 209 : 256 240 : 240 217 : 239 256 : 258 175 : 224 231 : 233 
Linnan talvi -O183 238 : 258 209 : 219 240 : 259 235 : 239 231 : 258 175 : 203 231 : 233 
Alasen punainen -O184 246 : 250 209 : 266 246 : 259 217 : 225 214 : 258 175 : 218 233 : 235 
Elamajarvi -O185 242 : 258 209 : 232 240 : 246 217 : 239 218 : 258 175 : 205 219 : 231 
Vekaranjarvi -O186 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Lemun talvi 1 PIIKKIo -O187 242 : 250 234 : 256 246 : 257 219 : 266 214 : 227 175 : 210 231 : 235 
Lemun talvi 2 PIIKKIo -O188 242 : 250 234 : 256 246 : 259 219 : 266 214 : 227 175 : 210 231 : 233 
Lemun talvi 3 PIIKKIo -O189 242 : 250 234 : 256 246 : 259 219 : 266 214 : 227 175 : 210 231 : 235 
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Accessions / Loci Ch01H02 CH02c06 Ch02C09 Ch02c11 Ch02d08 CH04e05 COL 
Achrenin syys 1 PIIKKIo -O190 242 : 246 232 : 256 234 : 240 225 : 229 214 : 220 199 : 203 223 : 223 
Achrenin syys 2 PIIKKIo -O191 242 : 246 232 : 256 234 : 240 225 : 229 214 : 220 199 : 203 223 : 223 
Achrenin syys 3 PIIKKIo -O192 242 : 246 232 : 256 234 : 240 225 : 229 225 : 220 199 : 203 223 : 223 
Kaikuvuori LOHJA -O193 250 : 250 219 : 246 246 : 250 217 : 217 214 : 248 210 : 224 231 : 242 
Linnan talvi -O194 238 : 258 209 : 219 240 : 259 235 : 239 231 : 258 175 : 203 231 : 233 
Hannula 2 PIIKKIo -O195 0 : 0 246 : 254 244 : 246 219 : 219 214 : 214 175 : 210 242 : 242 
Lohjan kirkas PIIKKIo -O196 238 : 242 219 : 256 244 : 250 219 : 225 218 : 227 175 : 205 221 : 242 
Linnan omena 1 -O197 238 : 258 209 : 219 240 : 259 235 : 239 231 : 258 175 : 203 231 : 233 
Linnan omena 2 -O198 238 : 258 209 : 219 240 : 259 235 : 239 231 : 258 175 : 203 231 : 233 
Linnan omena 3 -O199 238 : 258 209 : 219 240 : 259 235 : 239 231 : 258 175 : 203 231 : 233 
Mantsalan valo FARMARI -O200 242 : 250 256 : 256 259 : 259 217 : 217 214 : 227 175 : 224 233 : 242 
Kesaherkku FINNE -O201 238 : 238 209 : 266 257 : 257 217 : 219 208 : 218 175 : 222 221 : 221 
Pyorea FINNE -O202 238 : 242 204 : 232 244 : 250 217 : 219 227 : 227 175 : 212 231 : 233 
Vaasan talvi L.B. -O203 238 : 258 246 : 246 240 : 257 217 : 217 214 : 218 175 : 210 225 : 242 
Pitkulainen FINNE -O204 238 : 238 232 : 266 234 : 257 217 : 225 218 : 258 175 : 175 221 : 242 
Paprika FINNE -O205 238 : 250 0 : 0 257 : 257 211 : 217 208 : 214 210 : 222 221 : 233 
Kustaa Laihia  -O206 238 : 250 242 : 254 246 : 250 217 : 235 227 : 231 175 : 205 231 : 242 
Minna -O207 238 : 250 219 : 256 240 : 257 217 : 225 214 : 225 175 : 224 231 : 231 
Kurejoen kesa -O208 238 : 238 232 : 266 244 : 257 217 : 225 218 : 258 175 : 203 223 : 240 
Pekkala -O209 248 : 248 219 : 219 234 : 246 217 : 235 214 : 216 175 : 224 235 : 235 
Kivela S-L -O210 238 : 248 219 : 219 250 : 257 217 : 217 214 : 225 224 : 224 221 : 231 
Sanna -O211 238 : 242 219 : 219 244 : 250 219 : 219 218 : 258 175 : 175 233 : 242 
Iitan imela  238 : 250 219 : 271 246 : 250 217 : 225 223 : 248 183 : 224 231 : 233 
Viki -O213 238 : 238 232 : 266 240 : 244 217 : 219 214 : 258 175 : 175 231 : 242 
Lahden kesa -O214 238 : 258 209 : 232 240 : 244 217 : 225 256 : 258 203 : 224 223 : 231 
Asikkalan talvi -O215 238 : 250 219 : 246 240 : 250 219 : 225 231 : 248 175 : 224 231 : 231 
Moksy -O216 238 : 242 254 : 256 240 : 242 207 : 219 216 : 258 175 : 191 231 : 233 
Saarijarven punainen -O217 238 : 248 232 : 232 234 : 246 219 : 239 227 : 258 175 : 175 221 : 240 
Mummo -O218 238 : 248 232 : 234 257 : 259 217 : 219 225 : 237 175 : 203 231 : 231 
Sariola Salmela -O219 238 : 238 256 : 271 234 : 244 215 : 217 218 : 227 226 : 228 240 : 242 
Eppulainen -O220 238 : 242 204 : 232 244 : 246 217 : 219 227 : 248 175 : 212 231 : 233 
Kerppolan kesaomena  238 : 238 256 : 256 250 : 259 217 : 219 225 : 227 199 : 224 221 : 221 
Suomen suurin Hokkanen -O221 238 : 238 256 : 256 240 : 246 225 : 225 220 : 258 175 : 224 231 : 231 
Mantsalan valo Apila -O223 242 : 250 256 : 256 259 : 259 217 : 217 214 : 227 175 : 224 233 : 242 
Turso -O224 242 : 250 219 : 232 242 : 244 217 : 219 214 : 227 207 : 210 231 : 233 
Ylakauttu -O225 238 : 250 219 : 246 246 : 250 217 : 225 248 : 248 224 : 224 231 : 231 
Suopellon punainen PIIKKIo -O226 238 : 250 219 : 256 240 : 257 217 : 229 214 : 220 210 : 224 221 : 233 
Minna Canth PIIKKIo -O227 250 : 250 246 : 256 246 : 246 217 : 217 214 : 248 175 : 228 231 : 233 
Waldemar PIIKKIo -O228 238 : 250 219 : 256 246 : 250 217 : 219 214 : 214 175 : 210 205 : 233 
Piispan omena Koistinen PIIKKIo -
O229 
238 : 250 256 : 266 246 : 246 217 : 225 214 : 214 175 : 224 205 : 233 
Rantakyla nimeton PIIKKIo -O230 0 : 0 219 : 256 0 : 0 217 : 235 214 : 258 203 : 224 233 : 240 
Kenttamies rantakyla PIIKKIo -
O231 
0 : 0 0 : 0 0 : 0 217 : 219 218 : 227 212 : 224 231 : 233 
Kesto PIIKKIo -O232 246 : 250 219 : 256 240 : 250 217 : 217 220 : 248 224 : 224 221 : 231 
Aikalan ruusu PIIKKIo O234 238 : 250 256 : 266 246 : 246 217 : 225 214 : 214 175 : 224 205 : 233 
Valkealan kesa PIIKKIo -O235 248 : 250 209 : 246 246 : 257 217 : 225 214 : 214 0 : 0 231 : 242 
Viikari PIIKKIo -O236 238 : 250 234 : 254 246 : 257 219 : 237 218 : 227 0 : 0 205 : 242 
Paasikivi II PIIKKIo -O237 238 : 238 232 : 256 240 : 246 219 : 225 220 : 258 0 : 0 0 : 0 
Sunilan vaha PIIKKIo -O238 248 : 250 219 : 219 244 : 257 217 : 225 227 : 227 210 : 212 221 : 242 
Jattilainen PIIKKIo -O239 242 : 246 250 : 258 234 : 234 239 : 243 216 : 227 175 : 185 221 : 231 
Paivarannan omena PIIKKIo -O240  238 : 246 254 : 256 240 : 257 225 : 225 220 : 258 224 : 224 242 : 242 
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Accessions / Loci Ch01H02 CH02c06 Ch02C09 Ch02c11 Ch02d08 CH04e05 COL 
Jagerhorn PIIKKIo -O241 242 : 250 236 : 254 246 : 250 217 : 219 214 : 258 175 : 199 242 : 242 
Padasjoen talvi PIIKKIo -O242 242 : 250 219 : 232 242 : 244 217 : 219 214 : 258 207 : 210 231 : 233 
Piispan omena Viinamaki PIIKKIo 
-O243 
238 : 252 256 : 256 234 : 259 217 : 219 214 : 214 175 : 203 231 : 233 
Brodtorpin syys PIIKKIo -O244 238 : 250 232 : 256 244 : 259 209 : 219 214 : 214 175 : 203 242 : 242 
Rambo PIIKKIo -O245 238 : 250 232 : 234 234 : 257 221 : 233 225 : 231 175 : 210 221 : 235 
Pohjolan ruusu Virtanen PIIKKIo -
O246 
238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Tiina Varis PIIKKIo -O247 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Saima PIIKKIo -O248 250 : 250 256 : 256 234 : 240 0 : 0 0 : 0 183 : 226 221 : 233 
Vanha puu Korremaki PIIKKIo -
O249  
238 : 250 219 : 219 244 : 244 219 : 237 214 : 248 175 : 175 221 : 221 
Tuiskun puu PIIKKIo -O250 248 : 248 219 : 234 0 : 0 217 : 219 214 : 214 175 : 203 231 : 231 
Tuokko PIIKKIo -O251 238 : 242 246 : 256 240 : 246 219 : 239 214 : 258 175 : 175 231 : 242 
Paronin puu Kankainen PIIKKIo -
O252 
238 : 242 204 : 232 244 : 250 217 : 219 227 : 227 175 : 212 231 : 233 
Safran pohjola Viinamaki PIIKKIo- 
O253 
238 : 252 254 : 256 0 : 0 0 : 0 214 : 214 175 : 203 231 : 233 
Fredrikan puu PIIKKIo -O254 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Pieksamakelainen -O255 238 : 238 219 : 254 240 : 250 217 : 219 214 : 214 175 : 224 233 : 240 
Aleksandra/YP PIIKKIo -O256 246 : 248 219 : 256 240 : 240 217 : 229 220 : 231 175 : 199 231 : 231 
Jalkaranta-Lahti PIIKKIo -O257 238 : 258 209 : 232 240 : 244 217 : 225 256 : 258 203 : 224 223 : 231 
 
APPENDIX B 2 
 
Accessions / Loci Ch01H02 CH02c06 Ch02C09 Ch02c11 Ch02d08 CH04e05 COL 
Tammisaari 250 : 250 0 : 0 244 : 250 217 : 217 214 : 214 175 : 210 240 : 242 
Louhisaari 1 242 : 250 0 : 0 244 : 246 217 : 219 214 : 214 175 : 210 242 : 242 
Louhisaari 2 238 : 250 219 : 246 250 : 257 0 : 0 220 : 227 203 : 224 221 : 231 
Louhisaari 3 238 : 250 256 : 256 240 : 252 225 : 225 220 : 220 175 : 224 231 : 231 
Louhisaari 4 238 : 250 219 : 246 246 : 250 217 : 225 248 : 248 224 : 224 231 : 231 
Louhisaari 5 0 : 0 219 : 246 246 : 250 217 : 225 0 : 0 0 : 0 231 : 231 
Louhisaari 6 0 : 0 0 : 0 0 : 0 0 : 0 0 : 0 0 : 0 0 : 0 
Louhisaari 7 0 : 0 219 : 266 240 : 257 217 : 219 0 : 0 0 : 0 231 : 231 
Louhisaari 8 0 : 0 246 : 254 0 : 0 0 : 0 214 : 214 175 : 210 242 : 242 
Louhisaari 9 242 : 250 246 : 254 244 : 246 217 : 219 214 : 214 175 : 210 242 : 242 
Louhisaari 10 0 : 0 254 : 254 246 : 250 225 : 233 216 : 216 0 : 0 225 : 233 
Louhisaari 11 238 : 238 256 : 271 234 : 244 215 : 217 218 : 227 226 : 228 240 : 242 
Louhisaari 12 238 : 258 209 : 256 240 : 240 217 : 239 256 : 256 175 : 224 231 : 233 
Mustiala 1 238 : 258 209 : 256 240 : 240 217 : 239 256 : 256 175 : 224 231 : 233 
Mustiala 2 238 : 238 209 : 256 240 : 257 217 : 219 214 : 256 175 : 224 231 : 240 
Mustiala 20 238 : 250 232 : 256 257 : 257 217 : 225 208 : 225 175 : 224 231 : 231 
Mustiala 22 238 : 248 219 : 266 240 : 257 0 : 0 214 : 231 0 : 0 231 : 231 
Mustiala 23 238 : 238 200 : 219 240 : 244 0 : 0 214 : 231 203 : 224 223 : 231 
Mustiala 25 0 : 0 232 : 256 234 : 240 229 : 231 0 : 0 0 : 0 0 : 0 
Mustiala 64 238 : 248 234 : 256 234 : 257 219 : 219 214 : 225 203 : 224 231 : 231 
Mustiala 65 238 : 248 234 : 256 234 : 257 219 : 219 214 : 225 203 : 224 231 : 231 
Mustiala 66 238 : 242 200 : 232 240 : 244 217 : 225 214 : 214 175 : 175 223 : 231 
Mustiala 70 238 : 238 200 : 209 240 : 244 225 : 239 214 : 256 175 : 228 231 : 242 
Mustiala 74 238 : 238 256 : 271 234 : 244 215 : 217 218 : 227 228 : 175 240 : 242 
Mustiala 77 238 : 238 236 : 266 0 : 0 217 : 219 227 : 231 175 : 224 231 : 242 
Mustiala 79 238 : 248 219 : 266 0 : 0 217 : 219 214 : 231 175 : 224 231 : 231 
Mustiala 80 0 : 0 209 : 256 240 : 240 217 : 239 0 : 0 0 : 0 0 : 0 
Mustiala 81 238 : 258 0 : 0 0 : 0 217 : 239 0 : 0 0 : 0 231 : 233 
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Accessions / Loci Ch01H02 CH02c06 Ch02C09 Ch02c11 Ch02d08 CH04e05 COL 
Mustiala 82 238 : 248 219 : 234 0 : 0 217 : 219 214 : 231 0 : 0 231 : 231 
Mustiala 83 248 : 248 232 : 252 0 : 0 217 : 239 214 : 220 175 : 210 221 : 240 
Mustiala 84 238 : 242 250 : 256 0 : 0 219 : 227 218 : 225 175 : 175 240 : 242 
Mustiala 85 242 : 258 246 : 256 240 : 244 217 : 239 214 : 256 175 : 175 233 : 233 
Mustiala 92 250 : 258 246 : 256 246 : 257 217 : 217 214 : 220 175 : 210 233 : 242 
Mustiala 93 238 : 242 200 : 232 234 : 244 0 : 0 214 : 256 175 : 203 223 : 242 
Mustiala 94 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Mustiala 95 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Mustiala 97 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Mustiala 98 0 : 0 219 : 266 240 : 257 217 : 219 0 : 0 0 : 0 0 : 0 
Mustiala 104 238 : 242 256 : 256 246 : 250 219 : 225 214 : 218 0 : 175 221 : 242 
Mustiala 105 238 : 238 232 : 256 234 : 244 209 : 227 214 : 225 0 : 175 231 : 231 
Mustiala 106 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Mustiala 108 238 : 238 219 : 254 0 : 0 219 : 225 218 : 227 205 : 210 221 : 242 
Mustiala 109 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Mustiala 110 238 : 250 256 : 256 244 : 244 217 : 219 208 : 214 175 : 199 221 : 242 
Mustiala 113 238 : 248 200 : 219 244 : 257 219 : 219 214 : 231 175 : 203 231 : 242 
Mustiala 114 238 : 238 0 : 0 246 : 250 219 : 225 218 : 227 205 : 210 221 : 242 
Mustiala 115 a 250 : 258 246 : 256 246 : 257 217 : 217 214 : 220 175 : 210 233 : 242 
Mustiala 115 b 250 : 258 246 : 256 246 : 257 217 : 217 214 : 220 175 : 210 233 : 242 
Mustiala 116 238 : 248 0 : 0 234 : 257 219 : 219 214 : 225 203 : 222 231 : 231 
Mustiala 117 238 : 238 232 : 236 246 : 257 217 : 219 227 : 256 175 : 224 240 : 242 
Mustiala 34 238 : 238 219 : 254 246 : 250 219 : 225 218 : 227 205 : 210 221 : 242 
Mustiala 35 238 : 238 219 : 254 246 : 250 219 : 225 218 : 227 205 : 210 221 : 242 
Mustiala 36 238 : 238 219 : 264 240 : 246 225 : 225 225 : 248 175 : 224 233 : 233 
Mustiala 36 a 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Mustiala 36 b 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Mustiala 36 c 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Mustiala 37 238 : 238 232 : 236 246 : 257 217 : 219 227 : 256 175 : 224 240 : 242 
Mustiala 38 238 : 238 219 : 254 246 : 250 219 : 225 218 : 227 205 : 210 221 : 242 
Mustiala 38 a 238 : 242 254 : 256 246 : 250 219 : 225 214 : 218 175 : 175 221 : 242 
Mustiala 39 238 : 248 219 : 266 240 : 257 217 : 217 214 : 231 175 : 224 231 : 231 
Mustiala 40 238 : 242 200 : 232 234 : 244 219 : 225 214 : 214 175 : 203 223 : 242 
Mustiala 41 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Mustiala 51 0 : 0 256 : 256 246 : 250 219 : 225 214 : 218 175 : 175 221 : 242 
Mustiala 51 (2) 0 : 0 256 : 256 246 : 250 0 : 0 214 : 218 175 : 175 221 : 242 
Mustiala 50 238 : 238 232 : 236 246 : 257 217 : 219 227 : 256 175 : 224 240 : 242 
Mustiala 52 238 : 242 200 : 232 234 : 244 0 : 0 214 : 256 175 : 203 223 : 242 
Mustiala 52 a 238 : 238 256 : 256 257 : 257 219 : 219 214 : 214 212 : 228 221 : 233 
Mustiala 53 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Mustiala 54 238 : 238 219 : 254 246 : 250 219 : 225 218 : 227 205 : 210 221 : 242 
Mustiala 54 a 238 : 248 268 : 268 240 : 257 0 : 0 214 : 218 175 : 183 233 : 240 
Mustiala 55 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Mustiala 55 a 238 : 238 219 : 254 246 : 250 219 : 225 218 : 227 205 : 210 221 : 242 
Mustiala 55 b 238 : 238 209 : 266 0 : 0 217 : 227 214 : 218 175 : 224 231 : 240 
Mustiala 56 238 : 238 256 : 271 0 : 0 215 : 217 218 : 227 226 : 228 240 : 242 
Mustiala 56 b 238 : 248 219 : 266 0 : 0 217 : 219 214 : 231 175 : 224 231 : 231 
Mustiala 56 c 238 : 238 0 : 0 0 : 0 219 : 225 218 : 227 205 : 210 221 : 242 
Mustiala 56 d 238 : 250 232 : 256 0 : 0 217 : 225 208 : 225 175 : 224 231 : 231 
Mustiala 56 e 238 : 238 0 : 0 240 : 257 217 : 227 214 : 218 175 : 224 231 : 240 
Mustiala 57 238 : 250 219 : 246 246 : 250 217 : 225 248 : 248 224 : 224 231 : 231 
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Accessions / Loci Ch01H02 CH02c06 Ch02C09 Ch02c11 Ch02d08 CH04e05 COL 
Mustiala 44 238 : 238 232 : 236 246 : 257 217 : 219 227 : 256 175 : 224 240 : 242 
Mustiala 45 240 : 246 219 : 246 0 : 0 225 : 233 214 : 218 175 : 224 231 : 240 
Mustiala 45 a 238 : 238 219 : 254 246 : 250 219 : 225 218 : 227 205 : 210 221 : 242 
Mustiala 45 b 238 : 250 219 : 246 246 : 250 217 : 225 248 : 248 224 : 224 231 : 231 
Mustiala 45 c 238 : 258 209 : 256 240 : 240 217 : 239 256 : 256 175 : 224 231 : 233 
Mustiala 45 d 238 : 238 232 : 236 246 : 257 217 : 219 227 : 256 175 : 224 240 : 242 
Mustiala 45 e (haara 1) 238 : 248 219 : 234 234 : 240 217 : 219 214 : 214 175 : 224 231 : 231 
Mustiala 45 e (haara 2) 238 : 248 219 : 234 234 : 240 217 : 219 214 : 214 175 : 224 231 : 231 
Mustiala 45 e (haara 3) 238 : 248 219 : 234 234 : 240 217 : 219 214 : 214 175 : 224 231 : 231 
Mustiala 45 f 0 : 0 219 : 266 240 : 257 217 : 219 0 : 0 0 : 0 0 : 0 
Mustiala 45 g 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Mustiala 58 238 : 258 209 : 256 240 : 240 0 : 0 256 : 256 175 : 224 231 : 233 
Mustiala 59 238 : 250 219 : 246 246 : 250 217 : 225 248 : 248 224 : 224 231 : 231 
Mustiala 59 a 238 : 238 219 : 254 246 : 250 219 : 225 218 : 227 205 : 210 221 : 242 
Turso puu nro 1 242 : 250 0 : 0 242 : 257 217 : 219 0 : 0 0 : 0 231 : 242 
Turso puu nro 2 0 : 0 219 : 232 242 : 250 217 : 225 0 : 0 0 : 0 0 : 0 
Turso puu nro 3 242 : 250 219 : 232 242 : 250 217 : 225 214 : 227 0 : 0 231 : 242 
Kangasalan Talvi 238 : 250 234 : 256 244 : 257 217 : 219 218 : 227 175 : 199 233 : 242 
Turso 4 242 : 250 219 : 232 242 : 250 217 : 225 214 : 227 207 : 210 231 : 242 
Turso (vanha Turso) 242 : 250 219 : 232 242 : 250 217 : 225 214 : 227 207 : 210 231 : 242 
Elina 238 : 238 0 : 0 257 : 257 219 : 225 214 : 214 175 : 183 231 : 233 
Minna Canth 238 : 250 219 : 271 257 : 257 217 : 217 223 : 227 222 : 224 221 : 233 
Oranic 250 : 252 219 : 256 240 : 250 217 : 225 220 : 248 175 : 228 231 : 231 
Rakkausmäki puu 119 238 : 242 256 : 256 246 : 250 219 : 225 214 : 218 175 : 175 221 : 242 
Rakkausmäki puu 121 238 : 242 256 : 256 246 : 250 219 : 225 214 : 218 175 : 175 221 : 242 
Rakkausmäki puu 123 238 : 238 209 : 287 250 : 259 217 : 225 227 : 227 175 : 175 233 : 233 
Rakkausmäki puu 128 238 : 238 219 : 256 240 : 250 217 : 233 214 : 248 175 : 175 221 : 231 
Koivula puu 131 238 : 242 200 : 232 234 : 244 219 : 225 214 : 256 175 : 203 223 : 242 
Koivula puu 132 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Koivula puu 133 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Koivula puu 134 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Koivula puu 135 238 : 250 232 : 256 234 : 240 229 : 231 231 : 256 203 : 224 221 : 240 
Koivula puu 136 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Helin 137 238 : 238 256 : 266 257 : 257 217 : 233 208 : 214 175 : 224 221 : 231 
Helin 138 238 : 238 256 : 266 257 : 257 217 : 233 208 : 214 175 : 224 221 : 231 
Helin 139 238 : 238 256 : 266 257 : 257 217 : 233 208 : 214 175 : 224 221 : 231 
Pessi 156 238 : 258 246 : 256 257 : 257 219 : 225 214 : 214 210 : 224 231 : 242 
Turso 242 : 250 219 : 232 242 : 250 217 : 225 214 : 227 207 : 228 231 : 242 
Piispan Omena 238 : 252 256 : 256 234 : 259 217 : 219 214 : 214 175 : 203 231 : 233 
Piispan Omena 238 : 252 256 : 256 234 : 259 217 : 219 214 : 214 175 : 203 231 : 233 
Viikari 250 : 250 219 : 254 244 : 244 219 : 237 214 : 214 175 : 210 242 : 242 
Valkealan Syys 238 : 250 232 : 256 257 : 257 217 : 225 208 : 225 175 : 224 231 : 231 
Penttilä 162 238 : 238 219 : 254 246 : 250 219 : 225 218 : 227 205 : 210 221 : 242 
Penttilä 163 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Penttilä 164 238 : 242 200 : 232 234 : 244 219 : 225 214 : 256 175 : 203 223 : 242 
Penttilä 165 238 : 238 219 : 254 246 : 250 219 : 225 218 : 227 205 : 210 221 : 242 
Penttilä 166 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Penttilä 167 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Penttilä 168 238 : 250 219 : 246 246 : 250 217 : 225 248 : 248 224 : 224 231 : 231 
Penttilä 169 238 : 250 219 : 246 246 : 250 217 : 225 248 : 248 224 : 224 231 : 231 
Penttilä 170 238 : 250 219 : 246 246 : 250 217 : 225 248 : 248 224 : 224 231 : 231 
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Accessions / Loci Ch01H02 CH02c06 Ch02C09 Ch02c11 Ch02d08 CH04e05 COL 
Penttilä 171 238 : 250 219 : 246 246 : 250 217 : 225 248 : 248 224 : 224 231 : 231 
Tuomola 172 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Viikari, pihapuu 238 : 248 219 : 256 240 : 240 219 : 229 220 : 231 199 : 224 221 : 231 
Viikari, tarha 238 : 248 219 : 219 240 : 240 219 : 229 220 : 231 199 : 224 221 : 231 
Waldemar 238 : 242 246 : 271 244 : 257 215 : 217 218 : 227 175 : 212 233 : 242 
Piispa 242 : 250 219 : 232 242 : 250 217 : 225 214 : 227 207 : 228 231 : 242 
Alina 238 : 238 256 : 264 240 : 257 217 : 233 218 : 220 222 : 224 231 : 231 
Jumalan mieliharmi 0 : 0 232 : 256 240 : 250 217 : 239 0 : 0 0 : 0 0 : 0 
Sanni 238 : 238 246 : 266 244 : 250 225 : 233 218 : 248 222 : 224 221 : 231 
Jalmari 0 : 0 219 : 256 246 : 250 225 : 225 0 : 0 0 : 0 0 : 0 
R141 238 : 242 219 : 256 240 : 250 219 : 225 214 : 231 175 : 175 221 : 231 
R142 242 : 250 219 : 232 242 : 250 217 : 225 214 : 227 207 : 228 231 : 242 
R143 238 : 258 0 : 0 240 : 240 217 : 239 256 : 256 175 : 224 231 : 233 
Kirkniemen talvi 250 : 250 219 : 234 242 : 259 217 : 217 214 : 214 203 : 210 233 : 242 
Lavia 250 : 258 238 : 246 250 : 259 225 : 239 248 : 256 203 : 224 231 : 231 
Johanna 238 : 238 209 : 232 240 : 257 217 : 225 214 : 256 203 : 224 231 : 231 
Viki-omenapuu, emopuu 238 : 238 0 : 0 240 : 244 217 : 219 214 : 256 175 : 175 231 : 242 
R148 238 : 238 256 : 271 234 : 244 215 : 217 218 : 227 226 : 228 240 : 242 
R149 238 : 238 256 : 271 234 : 244 215 : 217 218 : 227 226 : 228 240 : 242 
R150 238 : 250 232 : 256 234 : 240 229 : 231 231 : 256 203 : 224 221 : 240 
Myrskylän helmi 238 : 238 232 : 232 234 : 257 217 : 219 214 : 256 203 : 203 231 : 242 
Aino-omena, emopuu 238 : 238 246 : 256 246 : 257 217 : 239 225 : 248 210 : 224 0 : 0 
Seija Niemi 238 : 238 209 : 266 240 : 257 217 : 227 214 : 218 175 : 224 240 : 240 
Ryssän omena 238 : 238 219 : 232 244 : 244 219 : 225 214 : 248 203 : 224 221 : 223 
Kinttulan herkku 238 : 248 0 : 0 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Kinttula (haara) 238 : 258 209 : 232 240 : 244 217 : 225 256 : 256 203 : 224 223 : 231 
Kinttula, etelänpuoleinen 
haara 
248 : 248 204 : 219 234 : 246 217 : 235 214 : 216 175 : 224 235 : 235 
Pohjoisenpuoleinen 248 : 248 204 : 219 234 : 246 217 : 235 214 : 216 175 : 224 235 : 235 
Antonovka 238 : 250 219 : 246 246 : 250 217 : 225 248 : 248 183 : 224 231 : 231 
Grenman 0 : 0 204 : 232 244 : 250 0 : 0 227 : 227 175 : 212 231 : 233 
Gyllenkrokin Astrakaani 0 : 0 232 : 254 234 : 246 209 : 235 227 : 256 175 : 226 221 : 242 
Juuso 0 : 0 219 : 232 240 : 246 217 : 231 231 : 248 203 : 226 221 : 231 
Kaikuvuori 0 : 0 219 : 246 246 : 250 0 : 0 214 : 248 210 : 224 231 : 242 
Lantun Talvi 238 : 238 219 : 256 250 : 257 0 : 0 248 : 256 175 : 224 231 : 231 
Norland 238 : 250 204 : 266 234 : 259 0 : 0 214 : 231 183 : 224 221 : 235 
Pohjolan Ruusu 238 : 238 232 : 256 240 : 246 0 : 0 220 : 256 175 : 224 242 : 242 
Snygg 0 : 0 232 : 266 244 : 257 0 : 0 0 : 0 0 : 0 0 : 0 
Kankainen 238 : 248 219 : 266 240 : 257 217 : 219 214 : 231 175 : 224 231 : 231 
Pirkko, taimi 238 : 250 256 : 266 234 : 257 225 : 229 214 : 256 183 : 203 221 : 233 
Pirkko, puu 238 : 250 256 : 266 234 : 257 225 : 229 214 : 256 183 : 203 221 : 233 
Hannulan talvi 238 : 242 232 : 254 257 : 257 217 : 219 208 : 223 175 : 224 231 : 233 
Tammisaari 238 : 238 256 : 256 246 : 246 217 : 225 208 : 214 175 : 175 221 : 221 
Paimion pappila  238 : 250 246 : 256 244 : 244 217 : 219 248 : 256 175 : 224 231 : 233 
omena no:1   242 : 250 246 : 254 244 : 244 217 : 219 214 : 214 175 : 210 242 : 242 
Ökna Lökäpple  238 : 248 238 : 254 250 : 259 231 : 239 214 : 248 175 : 218 219 : 240 
Perintötalon nurkkapuu 238 : 248 219 : 246 240 : 246 217 : 219 231 : 248 175 : 228 231 : 231 
Vesilahden vaalea 238 : 250 219 : 246 246 : 250 219 : 225 218 : 248 205 : 228 231 : 242 
Reuman punainen 238 : 250 246 : 254 244 : 257 217 : 219 214 : 225 210 : 224 231 : 242 
Osmolan talvi 242 : 250 219 : 232 242 : 242 217 : 219 214 : 227 207 : 210 233 : 242 
Mustialan valkea 238 : 238 232 : 236 246 : 257 217 : 219 227 : 256 175 : 224 240 : 242 
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Accessions / Loci Ch01H02 CH02c06 Ch02C09 Ch02c11 Ch02d08 CH04e05 COL 
Padasjoen talvi 238 : 242 232 : 246 240 : 246 217 : 239 214 : 214 175 : 210 231 : 242 
Isokartano 1 238 : 248 204 : 266 234 : 257 209 : 221 214 : 256 222 : 222 235 : 242 
Isokartano 2 238 : 238 200 : 256 244 : 244 225 : 233 214 : 256 175 : 175 221 : 223 
Isokartano 3 238 : 250 219 : 246 246 : 250 217 : 225 248 : 248 224 : 224 231 : 231 
Isokartano 4 238 : 242 232 : 256 244 : 244 217 : 225 214 : 256 175 : 175 223 : 233 
Tiaisen tienhaarassa vanha 
puu 
242 : 248 232 : 246 234 : 246 217 : 217 214 : 214 210 : 210 235 : 242 
Maxwell 238 : 242 200 : 232 234 : 244 225 : 225 214 : 256 203 : 203 223 : 231 
Sipsalo 0 : 0 0 : 0 244 : 257 219 : 219 0 : 0 0 : 0 0 : 0 
Oton omena 238 : 238 256 : 266 257 : 257 217 : 233 208 : 214 175 : 224 221 : 231 
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APPENDIX C 
 
The list of duplicate accessions. Out of each group of duplicates, one accession is used 
in the further study, while others are omitted. 
Seznam podvojenih vzorcev. Iz vsake skupine podvojitev je bil za nadaljnjo obravnavo 
v študiji izbran po en vzorec. 
 
Used accession Duplicates 
Ananaskaneli MTT Vekaranjarvi -O186, vanha kaneli O107, Tiina Varis PIIKKIo -
O247, Railamo -O180, Raatteen tie HST, Punakaneli MTT, 
Pohjolan ruusu Virtanen PIIKKIo -O246, Keltakaneli MTT, 
Fredrikan puu PIIKKIo -O254 (35; 36; 37; 41; 43; 54; 55; 56; 62; 
68; 71; 90;108; 109; 110; 112; 123; 126; 127; 132; 168)-2015 
Valkea kuulas hapan LEP Valkea kuulas oikea LEP, ValkeaKuulas Blomqvist BLT, 
ValkeaKuulas Norja LAU, Valkeakuulas Kalvola MTT, 
ValkeaKuulas Ruotsi BLT, (51, 52, 58, 69, 72, 82, 93, 122, 125)-
2015 
Haralson MTT Haralson MTT -YP, Kapteenin omena 2 BLT, James Grieve HST, 
Kapteenin omena BLT, Wealthy MTT, Sandow MTT, Sandow 
MTT -YP, Wealthy MTT -YP, Wealthy vanha LEP 
Ylakauttu -O225   (5, 79, 83, 92, 128, 129, 130, 131, 184)-2015 
Kalfas -  Snygg O147  Valkealan syys O128, Syysjuovikas MTT, Luotsi HST, Luotsi 
O125, 33-2015, 47-2015, 48-2015 
Mustialan valkea HST  (50, 57, 65, 80, 85, 180)-2015 
Ahosen lakkaomena HST  Anisovka MTT-YP, Borgovskoje BLT, Borgovskoje MTT, 
Borgovskoje LEP, Oton omena HST 
B J Lindberg MTT B J Lindgerg   MTT -YP, B J Lindberg SB, Safram Pohjola HST, 
Heinavesi HST 
Esteri HST Korobovka BLT, Korobovka HST, Laangsjon paarynaomena 
MTT, Langsjon paarynaomena O130 
Vaasan talvi  Lepaa O90 Gerbyn talvi BLT, Leif Blomqvist, Vaasan talvi HST, Vaasan 
talvi L.B. -O203 
Grenman MTT  R-kylan kartano grenman 1  O118, Pyorea FINNE -O202, 
Paronin puu Kankainen PIIKKIo -O252/ R-kylan kartano  
grenman 2  O117 
Kirkniemen talvi HST Kirkniemen talvi LEP, Lobo MTT 111-2015, 150-2015 
Kuhno 2 BLT  Kuhno BLT, Tsaarin Kilpi BLT, Tsaarin kilpi MTT, Tsaarin kilpi 
LEP 
Pohjolan Ruusu LEP  Paasikiven Syys TS, Paasikivi HST, Pohjolan ruusu MTT, 
Pohjolan ruusu MTT -YP 
Ananas O135 Louhisaaren ananas HST, Raavelin paarynaomena O75, Tallinan 
paarynaomena MTT 
Papirova 2 BLT Papirova BLT, Valkea Nalif MTT, Valkea Nalif MTT -YP 
Snygg LEP Roopen Omena MTT,Snygg MTT, Snygg saleikko LEP 
Aino HST Ammansaari O71, ammansaari TS 
Valkea Astrakaani MTT Lohjan kirkas HST, Lohjan kirkas PIIKKIo -O196  
Novinka MTT Novinka MTT -YP, Safram Polosatij HST 
R-kylan kartano majuri O116 157-2015, 158-2015 
Make MTT   Saarijarven punainen 2 BLT, Saarijarven punainen BLT 
Linnan Omena HST Aleksanteri MTT, Aleksanteri MTT -YP 
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APPENDIX D 
 
A comparison of the genetic profiles of our reference collected samples (bold) and what 
are likely the same reported cultivars. 
Primerjava genetskih profilov vzorcev, pridobljenih v naši raziskavi (krepko), in verjetno 
istih poročanih sort. 
 
Accessions Ch01H0
2 
CH02c06 Ch02C09 Ch02c11 Ch02d08 CH04e05 COL 
        
Antonovka : : : : : : : 
159-2015 238:250 219:246 246:250 217:225 248:248 183:224 231:231 
Antonovka Kamenitska 
HST 
238:238 209:246 246:257 217:227 220:248 224:226 231:231 
Antonovka MTT 238:250 219:246 246:250 217:225 248:248 224:226 231:231 
Antonovka Punainen 
TS 
238:250 219:232 234:246 217:219 214:248 175:224 231:242 
 
: : : : : : : 
Grenman : : : : : : : 
160-2015 0:0 204:232 244:250 0:0 227:227 175:212 231:233 
Grenman 3_O126 238:242 204:232 228:228 217:219 244:250 175:212 231:233 
Grenman MTT 238:242 204:232 244:250 217:219 227:227 175:212 231:233 
 
: : : : : : : 
Gyllenkrokin 
Astrakaani 
: : : : : : : 
161-2015 0:0 232:254 234:246 209:235 227:256 175:226 221:242 
Gyllenkrokin 
Astrakaani MTT 
238:250 232:254 234:246 209:235 227:256 175:226 221:242 
 
: : : : : : : 
Juuso : : : : : : : 
162-2015 0:0 219:232 240:246 217:231 231:248 203:226 221:231 
Juuso MTT 250:250 219:232 240:246 217:231 231:248 203:228 221:231 
 
: : : : : : : 
Kaikuvuori : : : : : : : 
163-2015 0:0 219:246 246:250 0:0 214:248 210:224 231:242 
Kaikuvuori -O181 238:250 232:256 257:257 217:225 208:225 175:224 231:231 
Kaikuvuori LOHJA -
O193 
250:250 219:246 246:250 217:217 214:248 210:224 231:242 
Kaikuvuori MTT 250:250 219:246 246:250 217:217 214:248 210:224 231:242 
Kaikuvuoriomenapuu_
O140 
250:250 219:246 246:250 217:217 214:248 210:224 231:242 
 
: : : : : : : 
Lantun talvi : : : : : : : 
164-2015 238:238 219:256 250:257 0:0 248:256 175:224 231:231 
Lantun talvi 1_O143 238:238 254:256 240:246 217:219 216:258 175:205 205:233 
Lantun talvi 2_O144 0:0 0:0 240:246 0:0 216:258 0:0 205:233 
Lantun talvi 2. SYSMa 
-O176 
250:258 209:246 240:250 217:225 248:258 224:228 231:233 
Lantun talvi 3_O145 238:238 254:256 240:246 217:219 216:258 175:205 205:233 
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: : : : : : : 
Norland : : : : : : : 
165-2015 238:250 204:266 234:259 0:0 214:231 183:224 221:235 
Norland MTT 238:250 204:266 234:259 217:233 214:231 183:224 221:235 
 
: : : : : : : 
Pohjolan ruusu : : : : : : : 
166-2015 238:238 232:256 240:246 0:0 220:256 175:224 242:242 
Pohjolan ruusu 1. 
HoLTTa -O163 
238:238 232:256 240:246 219:225 220:258 175:224 242:242 
Pohjolan ruusu 2. 
HoLTTa -O164 
238:238 232:256 240:246 219:225 220:258 175:224 242:242 
Pohjolan Ruusu LEP 238:238 232:256 240:246 219:225 220:256 175:224 231:242 
Pohjolan ruusu MTT 238:238 232:256 240:246 219:225 220:256 175:224 242:231 
Pohjolan ruusu MTT -
YP 
238:238 232:256 240:246 219:225 220:256 175:224 231:242 
Pohjolan ruusu 
Virtanen PIIKKIo -
O246 
238:248 219:266 240:257 217:219 214:231 175:224 231:231 
Pohjolan ruusu_O149 0:0 232:256 240:246 219:225 220:258 0:0 242:242 
 
: : : : : : : 
Snygg : : : : : : : 
167-2015 0:0 232:266 244:257 0:0 0:0 0:0 0:0 
Snygg LEP 238:238 232:266 244:257 217:225 214:231 203:226 231:231 
Snygg MTT 238:238 232:266 244:257 217:225 214:231 203:226 231:231 
Snygg oikea puu_O133 238:238 232:266 244:257 217:225 214:231 0:0 231:231 
Snygg saleikko LEP 238:238 232:266 244:257 217:225 214:231 203:226 231:231 
Snygg vasen puu_O132 238:238 232:266 244:257 217:225 214:231 226:226 231:231 
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APPENDIX E 
 
A review of accessions included in different core collections. 
Pregled vzorcev, vključenih v različne jedrne zbirke 
 
Stepwise 
clustering 
strategy 
Logarithmic 
sampling 
strategy 
Maximal 
genetic 
distance 
strategy 
Core 
Hunter 
(mixed 
strategy) 
Core 
Finder 
MSTRA
T  
aakero + 
  
+ + + 
Achrenin 
 
+ + + 
  
Ahosen lakkaomena 
    
+ + 
AL22_O103 + 
     
Alasen punainen + 
     
aleksanteri 
    
+ 
 
Ananasomena  +     
Anamaija  +     
Antonovka Kamenitska 
 
+ 
   
+ 
Apilisto 
  
+ 
 
+ + 
Asikkalan kesa 
 
+ + 
   
Asikkalan Raikas 
  
+ + 
 
+ 
Battleford + 
     
Bergius  +     
Bratsud + 
     
Brodtorpin 
  
+ 
   
brunnsapple + 
  
+ 
 
+ 
cox pamona 
   
+ + + 
Diana + 
  
+ + + 
Discovery 
   
+ 
 
+ 
Edelman 
    
+ + 
Elamajarvi + 
  
+ 
 
+ 
Ella harjumaa + 
     
Laangsjon paarynaomena 
MTT 
 
 
   
+ 
Eva-lotta 
 
+ + + 
  
Finne 
   
+ 
  
Forelli.MTT 
   
+ 
  
Gamla landshovd  
   
+ + + 
Goodland MTT + 
   
+ 
 
Vaasan talvi 
      
Grenman 
   
+ + + 
Grenman + 
     
Golden Delicous 
  
+ + 
 
+ 
Grev Pehrs Bordsapple 
      
Gyllenkrokin Astrakaani  + + + 
   
Hampus 
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Stepwise 
clustering 
strategy 
Logarithmic 
sampling 
strategy 
Maximal 
genetic 
distance 
strategy 
Core 
Hunter 
(mixed 
strategy) 
Core 
Finder 
MSTRA
T  
Hannula 
 
+ + 
   
Haralson/wealthy/Sandow + 
     
Harlamovski  
   
+ 
  
Hava_ 
      
Herkku 
  
+ 
  
+ 
Isoaidin jouluomena + + 
 
+ 
  
Isoveljen 
  
+ 
   
Jalkaranta 
      
Jaspi 
  
+ 
   
Jattilainen + 
 
+ + + + 
jattimelba 
     
+ 
Johanneksen 
Mansikkaomena 
+ 
     
Jukarainen + 
     
julyred + 
 
+ + + + 
Junost + 
     
Kangasala  
  
+ 
   
Kaniker 
    
+ 
 
Katja 
    
+ + 
Keltainen 
 
+ 
 
+ 
  
Kerppolan  + + 
    
Kersti 
  
+ + 
  
Kesaherkku 
 
+ + 
   
Kirkniemen talvi 
 
+ + 
   
Kivioja  +     
Kultainen Kitaika + + + 
  
+ 
KuOm + 
 
+ + + + 
KuOm/rosenhager + 
     
lea kurki_O47 + 
  
+ + + 
Lantun Talvi  +     
Lemun talvi 
 
+ 
 
+ + + 
Linda 
      
Linnan omena + + 
  
+ + 
Ma 35_O43 + 
     
MA1007  +     
MA1018 
  
+ 
   
MA1026 + 
     
MA1051 + 
 
+ 
 
+ + 
MA1054 + 
 
+ 
   
Maaherra + 
     
Moision kartano pieksamak 
 
 
  
+ + 
Moksy  + + 
 
+ + + 
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Stepwise 
clustering 
strategy 
Logarithmic 
sampling 
strategy 
Maximal 
genetic 
distance 
strategy 
Core 
Hunter 
(mixed 
strategy) 
Core 
Finder 
MSTRA
T  
Mummon omena 
 
+ 
 
+ + 
 
Munkki + + 
    
Mustialan valkea 
    
+ 
 
Nanna 
 
+ 
    
nayte metsasta + 
     
New Oriole  
  
+ 
  
+ 
Ollin omena  + 
   
+ 
 
Oranie  
   
+ + 
 
Orpo 
 
+ 
   
+ 
Padasjoen talvi  
  
+ 
   
Paivarannan omena + 
 
+ 
   
Paivola1 + 
 
+ 
   
Paprika 
   
+ + + 
Parkland  
  
+ + 
 
+ 
Pekka  + 
     
petteri 
  
+ 
   
Pieksamaki  
    
+ 
 
Piispan Omena  +     
Pirja  
 
+ 
 
+ 
  
Quinte 
     
+ 
Railamo 
    
+ 
 
Ranger  
   
+ 
  
Ranta-Ahon Golden  
      
Ranta-Ahon Herkku  
 
+ 
   
+ 
Rautell 
      
Rosmarin Novi  +     
Sandrok  +     
Sariola Salmela  
 
 
 
+ 
  
Slavjanka  
   
+ 
  
Sortavalan imela + 
     
Suislep  +     
Suomen suurin + 
     
Suopellon punainen + 
     
Tellissaare + 
 
+ 
   
tobias_O61 
   
+ 
  
Uralskoje Nalifnoje 
  
+ + + + 
Vaasan talvi  
 
+ 
 
+ 
 
+ 
Vaisanen  
  
+ + 
  
Valo Sjoblom + 
     
Vanha puu Korremaki + 
 
+ 
   
Viikari  
  
+ + 
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Stepwise 
clustering 
strategy 
Logarithmic 
sampling 
strategy 
Maximal 
genetic 
distance 
strategy 
Core 
Hunter 
(mixed 
strategy) 
Core 
Finder 
MSTRA
T  
Viurlian Ananas  +     
Williams + 
  
+ + + 
Ylakauttu  + 
     
Sariola 
     
+ 
Louhisaari 2  +     
Pentilla 170 (no description) 
 
 + 
 
+ 
 
Pentilla 171 (no description) 
 
 
 
+ 
  
Mustiala 66 (no description)  +     
Mustiala 84 (no description) 
 
 
  
+ 
 
Mustiala 116 No descripton 
 
 + 
   
Miustiala 36 (no description) 
 
 
  
+ 
 
Mustiala 56 (no description) 
 
+ + 
   
Mustiala 56 d (no 
description) 
 +     
Mustiala 54a 
    
+ 
 
Mustiala57e 
    
+ 
 
Mustiala 45 + 
     
Rakkusamakki 
    
+ + 
Turso 
 
+ 
 
+ 
  
Alina + 
    
+ 
Lavia 
  
+ 
   
Aino  +     
Gyllenkrokin Astrakaani  
  
+ + 
  
oknan 
  
+ + + 
 
Norland  +     
Reuman punnilainen + 
     
Isokartano + 
  
+ 
 
+ 
Mustiala. + 
     
Maxwell + 
 
+ 
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APPENDIX F 
 
A neighbor joining dendrogram on the next 4 pages. 
Dendrogram bližnjih vrst na naslednjih 4 straneh. 
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